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STRAWS IN A LYSENKO WIND 


ROBERT 


HE “Muller Affair’ at the Atoms 
for-Peace Conference held in Ge- 
in August in a 
on October 3, when Lewis L. 
Strauss, Chairman of the Atomic Ener 
Commission, labeled it ‘‘a regretta 
ble and took full responsibility 
for what happened. If this meant 
as an apology to Dr. Muller, it is strange 


neva Was sense 


( losed 


vy 
snafu” 
Was 


that it was addressed to the press rather 
than to Dr. Muller himself.” 

If the series of events which culmi- 
nated in this incident were merely a 
“snafu’’—a_ fantastic of misad- 
ventures — Chairman Strauss’ apology 
should put an end to the incident. But 
has it? In his apology Chairman Strauss 
reiterated that the 
ning of Dr. Muller was 
his mention of Hiroshima 
bounds.” 

The trouble with this explanation is 
that Dr. Muller’s reference to the Hiro 
shima bombings was quite casual and 
could easily have been deleted had he 
been informed of the AIEC’s taboo. Is 
Dr. Muller correct in the theory which 
he expressed publicly before Chairman 
that his muzzling 
stemmed from the fact that “Every ef 
fort was being made not to play up the 
danger of radiation in the minds of the 
participants or the public” ? 

If the incident was a result of a policy 
decision to muffle rather than to com 
pletely muzzle discussion in this area, 
then the “snafu’’ Chairman Strauss 
apologizing for is not that Dr. Muller 
was muzzled, but that it was ineptly 
done, and backfired. In that case the in 
cident cannot be closed by an apology 
to the press. Indeed, it becomes a red 
flag of warning which scientists in this 
country can il afford to ignore. 


Atomic Double Talk 


The official position of the AEC with 
respect to the genetic radiation hazard 


scries 


for the ban 
that 


‘out 


reason 
“sound” 


was of 


Strauss’ statement, 


ws 


on 


Cook 

presents a very curious duality. On the 
one hand there exists the extensive, first 
rate research in radiation biology con 
ducted at Oak Ridge and Brookhaven 
Much the 


the 
\ EC 


through grants and contracts in 


ol research fostered by 


inany institutions is of the highest calibre 


A notable example of the fine quality 
of the AEC’s research program was the 
report presented at Geneva by Dr. Wil 
liam Russell of the Oak Ridge Labora 
tory. This report dealt with the long 
term investigation of the effects of radia 
tion on the mutation-rate in mice. This 
been in for 
several years, but final conclusions are 
still considerably in the future. The 
best current estimate from the data now 
at hand would place the genetic damage 
given total of radiation 
at from 10 to 20 times as great 
danger of tl to fruit 

the organism most intensively in 
Man, with 
ol 


investigation has progress 


ola dose to 


mi as 
the 

flies, 
vestigated in the laboratory 


e 


i Saline close 


a length of generation some scores 
than that of 


greatet 


times greater the mouse, 


would receive a fat dose in one 
generation than the mouse, if the expo 
sure were chronic. Since the damage to 
the genes is cumulative, it is directly re 
lated to the length of the generation 
Hence there is reason to expect a far 
effect per the 
gene-pool of man than on the gene-pool 
of the mouse or of the fruit fly—the or 
ganism on which current estimates of 


wlv nN 


greater generation on 


“safe” doses were hitherto based 
genetic damage was taken into account 

The position of the technical staff of 
the AEC is further demonstrated a 
statement by the Commission’s Advisory 
Committee for Biology and Medicine on 
May 12, 1955 concerning the genetic 
effects of fallout from ic weapon 
tests. The Committee took it for granted 
that man is subject to mutagenic effects 


In 


atomic 


of radiation as are other organisms and 
that weapons tests and peaceful applica 


*The text of Chairman Strauss’ statement on October 3 is given on page 198 


195 
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tion of atomic energy ‘will result in ad- 
ditional mutations in human genes. 
The number [of which] cannot be ac- 
curately estimated at the present time. 
At the current rate of irradiation from 
fallout, among the four million children 
born each year in the United States per- 
haps a hundred to several thousand may 
carry as a result of [this] irradiation a 
mutated gene.” 

The latitude of injury bracketed in 
the statement is so great that many com- 
petent experts might argue that it erred 
on the conservative side. But the state- 
ment does not imply that the danger is 
zero, or even trivial. Dr. Muller be- 
lieves the total genetic damage may 
equal that done by the bombs over Hiro- 
shima and Nagasaki. 

In contrast, the administrative posi- 
tion of the Commission regarding the 
biological effects of radiation is far less 
straightforward. 

The testimony of AEC officials at Con- 
gressional hearings, statements made in 
some AEC publications and news re 
leases, and a good many addresses given 
by AEC officials leave the writer with 
a strong impression that the Commis- 
sion is encouraging the American peo- 
ple to take a euphemistic view of the 
atom. The perusal of this record sug 
gests a question, paraphrasing Defense 
Secretary Charles FE. Wilson’s now 
famous dictum: Is what is good for 
the atom good for the American people? 

A growing concern has been ex- 
pressed by many scientists, including 
several writers in the Bulletin of the 
Atomic Scientists, that the AEC has 
been less than frank with the American 
people regarding the danger of radio- 
activity in both the short and long term. 
Suppression of the extent of the H- 
jomb fallout hazard is a case in point. 
The facts concerning this danger were 
released by the AEC only after they 
had been revealed in the Bulletin, and 
elsewhere. 

AEC’s somewhat equivocal position 
is evident in the testimony early this 
year at the hearings before the Sub- 
committee on Civil Defense of the 
Armed Services Committee held during 


The Journal of Heredity 


February and March, 1955. Senator 
Stuart Symington is questioning AEC 
Commissioner Libby: 


Senator Symington: “Just one final ques 
tion if I may. 

Don’t you think it somewhat affects the 
public’s confidence in its Government if 
the type and character of information which 
Dr. Lapp [Dr. Ralph E. Lapp, Associate 
Editor of the Bulletin of the Atomic Sci 
entists| released as a scientist in Chicago 
comes from there first, instead of coming 
from the head of one of the agencies that 
is responsible for this problem?” 

Mr. Libby: “Well, we have had a great 
responsibility to be correct and to not mis- 
lead anyone, and these are such new and 
strange things. . .” 

Senator Symington: “Am I to understand 
that Dr. Lapp’s article is misleading?” 

Mr. Libby: “No, I didn’t say that. I 
didn’t examine it from the detailed point of 
view. 

Certainly many of the things in there are 
essentially what I have testified to, given 
here today, I mean very similar. As I 
pointed out, we have given today very little 
that is not deduceable from previous re- 
leases, 

Take our release of last Tuesday, it am- 
plifies and proliferates the information us 
ing the principles as set forth in our re- 
lease of five years ago.” 

Dr. Libby seems-to have ignored the 
fact that nothing like the Bikini H-bomb 
existed five years ago. That would be 
one very good reason why an ancient re- 
lease needed much “amplifying and pro- 
liferating” to bring it up to date. 


“ 


What this and other Congressional 
hearings did reveal for the first time was 
that the fallout from the Bikini H-bomb 
explosion gravely endangered native 
populations and AEC personnel on 
neighboring islands, supposed before the 
explosion to be well out of the danger 
zone, 

The essential facts concerning this 
explosion and the multiplied danger 
from fallout from the new multi-megaton 
super-bombs were not available to the 
public until someone outside the AEC, 
namely Dr. Ralph E. Lapp, put the am 
plification and the proliferation together 
into a coherent statement. 

Dr. John C. Bugher, until recently 
Director of the Division of Biology and 
Medicine of the AEC, has spoken on 


several occasions in a manner which 
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might be interpreted as endeavoring to aspects of radiation hazards and some of 


anf a , he irresponsible statements that had bee 
minimize concern over the long-term ef- the irresponsible statements that had been 
made on the subject were liquidated in the 


fects of atomic radiation. In an address course of that Conference.” 
at Houston, Texas on September 23, 


, , t~ ; . . 9 
‘ F The wording of Chairman Strauss 
1954 he made this statement: 5 


, t difficul final sentence may be significant. Noth- 
? > wv > > , . "¢ 2 g + . t e b 
The extreme ly complicated and difficu | ing appears to have been revealed at 
genetic problem in man constitutes a very | Rei hich } ‘fed ¢ 
important section of the studies being con the Conterence w uch justifies any re- 
ducted in Japan. No firm conclusions can vision downward of the biological dan- 
be given until the statistical work is fin gers of ionized. radiation. Was the 
ished but it seems likely that some evidence “liquidation” of Dr. Muller’s point of 
of genetic effect will have been obtained . tee veal nevtingt sonia toe al 
; : ; Soll » veal os ; ade by the 
among the more highly irradiated survivors vik Ww 1¢ real contribution made Dy ' 
at Hiroshima and Nagasaki. At the lower ( onterence to an official policy of make- 
exposure rates, it is quite evident that no believe? Is it implied that Dr. Muller’s 
changes can be recognized, - evaluation of the situation is “irrespon 
his genetic problem which is one of the sible’ because he does not know what 


fundamental aspects of the adjustment of ; . 
man to the world of the future, is some- he is talking about or because his views 


times thrown into confusion by reckless and run counter to the “official line’? In 
uncritical pronouncements based upon as terms of experience and competence 
sumptions which go far beyond our knowl what scientist has a better grounding to 
edge. We have dire predictions of many : - wehtealile 

monsters and even the obliteration of man- ©XPTESS a responsiOl¢ 
kind itself from radiation exposures which Muller ? 

are only a small fraction of that from cos There is no question that legalistically 
mic radiation, from the radium and radon the AEC js entirely within its rights in 
of the soil and air, and from the naturally 
radioactive potassium and carbon of which 
we all are partially composed. Such distor * 
tions of emphasis are comparable to con choice of a panel “packed” to give prom 
tending that meteors from outer space are inence to a particular point of view is a 
a major threat to safety on our highways very dangerous policy, The elimination 
and threaten the survival of all motorists. , ' : 
It ip most essential that we keep our per of Dr. Muller from the program removed 
spective in such matters and base our gen the only really distinguished U.S. biolo 
eralizations on substantial evidence gist among the non-governmental par 
ticipants at that session. What one 
seems to discern was that the decision 


view than Dr. 


oO 


choosing its panel of speakers at a g 


ernment sponsored conference. But the 


On a television panel discussion Au- 
gust 28, after the Geneva meeting but 
before the Muller “snafu” had become Tegarding who was to speak for the 
United States appears to have been made 
not by the personnel of the Commission 
representing the science concerned, but 


an issue requiring an apology, Chairman 
Lewis L. Strauss chose a few words 
which recalled another case of genetic 
censorship. He was discussing the re- 
sults of the Geneva Conference with a tors, for policy reasons 
panel consisting of Mr. Stuart Novins, This is in essence and spirit, although 
the CBS moderator, Mr. Michael fortunately not in its degree of severity 
Amrine of the North American News- — or absolutism, what happened to genetics 
paper Alliance, and Mr. Nat S. Finney in Russia during the 1940's. With no 
of the Buffalo Evening News: great effort of imagination one can de- 
Ur. Finney: “Do you believe, Admiral tect a parallel rather too close for com 
ee a Atoms gg Confer fort between this situation and that in 
body a pe Thor gh Fl Basti. Moscow mn September 1948 There the 
weapons tests are dangerous] to shrink, President of the Soviet Academy of 
that these matters became better understood Agricultural Sciences, Trofim [Ly senko, 
there by the have not nations, and that some began his summary of a week of “scien 
of these anxieties will be reduced? ; 
Ur. Strauss: “1 think so. I think there ; 
is—there was a good deal of discussion of Ing 
radiation hazards and the meterological the Central Committee of the Commu- 


rather by persons acting as administra 


tific’ discussion of genetics by announce 
: “My report has been considered by 





The Journal 


19% 


nist Party and 
This announcement was followed by the 
liquidation of a number of geneticists. 

If this incident is indeed the curtain- 
raiser on control of scientific thought in 
Washington it is very bad news. The 
disease 1s as yet far less virulent than it 


has been approved.” 


was in Moscow ten years ago. Only the 
not yet the people who defend 
are now being liquidated. 


ideas 
these 
Let us not forget that one of the short 
comings attributed to Dr. Oppenheimer 
for a project 
One has 


ideas 


was “lack of enthusiasm” 
which proved to be unsound. 
an uneasy feeling that when opinions 
and deductions derived from research 
findings do not coincide with the “offi 
cial line,” things may not go too well 
with those who hold those opinions. 
What will be the position of those who 
depart from the “official line” when it 
comes to grants and preferment ? 

Because the “liquidation” at Geneva 
happened to involve a Nobel Laureate 
it has become news. Unfortunately the 
suppression of the truth is equally in- 
equitous and can be even more sinister 
when the “liquidation” involves lesser 
personalities, and no publicity. 

The growing tendency in Washington 
to “classify” by administrative fiat data 
and information in 
with the national defense is part of this 
Perhaps the Muller in- 


no wise connected 


same picture, 


of I leredity 


cident will check this sinister trend. 

If we pass off this violation of the 
spirit of free inquiry as being of no 
significance we open the door to the 
enemies intellectual freedom. This 
danger might transcend in importance 
that of poisoning the human germ plasm 
by cumulating radioactivity. The Ameri 
can scientific fraternity must be forever 
alert to protect its liberties from all those 
who base their decisions on inspiriation 
and inner revelation rather than on the 
data ; and who, alas, always “know best”’! 
That is the first step toward the “en 
lightened double-thinking” of the well 
intentioned bureaucrat. Beyond lies the 


of 


brutality of ‘‘Big Brother” and George 
Orwell's 1984. 

‘Too many people are willing to take 
a few steps with the Devil in this re 
spect. It is a temptation to hope before 
we have walked very far that “this will 
Sut will it? 

In the perspective of the Washington 
scene, the “Muller Affair” is a skirmish 
in an old battle which by no means has 
ended, The Oppenheimer and Condon 
incidents were a part of the same war. 

Thomas Jefferson doubtless 
from experience when he 
Altar of God eternal hostility 
every form of tryanny over the mind of 
man.” It is an excellent pledge to re 
member—and to adhere to—today 


pass.” 


spoke 
‘ 


‘swore on the 


against 





Chairman Strauss’ Statement 


Chairman Strauss’ prepared statement re 
garding the “Muller Affair” was read at a 
Pre ss Conference on Ox tober a 1955 

“The third matter that I would like to touch 
on is the matter of the case of Dr. Muller, 
which was much in the press ten days or two 
weeks ago, with the general impression to the 
effect that Dr. Muller had been excluded, ex 
pelled, or worse, from the Geneva Conference 
by the Commission, or specifically by me. 

“The circumstances are somewhat different. 
Dr. Muller presented a paper which was ac 
cepted for the purposes of the Conference. It 
will be reproduced, as will all the others papers 
in the Conference archives—in the Conference 
report which is much more than archives. It 
will have the same prominence as other papers, 
and the additional prominence of the fact that 
its author is a very distinguished geneticist 

“There was a regrettable snafu in connection 
with his paper. I accept full responsibility for 


it, although I don’t have the pleasure of Dr 
Muller’s acquaintance and had no correspond 
ence with. him or any other part in this d 
cision. The decision was a sound one, made 
for this reason: that Dr. Muller’s paper, which 
I understand is an excellent paper, depended 
upon a reference or perhaps more than one 
reference to the bombing of Hiroshima. The 
Geneva Conference conference on the 
peaceful uses of atomic energy. Such a paper 
presented orally would have opened the con 
ference session for discussion. A discussion on 
the bombing of Hiroshima would have 
out of bounds for the conference. 

“T think perhaps had the staff of the Com 
mission, not been handling many hundreds of 
such papers and writing form letters to their 
authors, it might have been possible and prob 
ably should have been possible to have com 
with Dr. Muller personally and 


(Continued 200) 


Was a 


been 


municated 


on pag 





COMMENTS ON THE GENETIC EFFECTS OF 
RADIATION ON HUMAN POPULATIONS 


MULLER* 


Indiana University 


CCORDING to newspaper reports, 
the United States Atomic Ener- 


gy Commission has recently called 


attention to the fact that it has long been 
known, first, that the great majority of 
mutations are harmful and second, that 
ionizing radiation produces mutations of 
genes with a frequency proportional to 
the dose. At the present moment, when 
protection policies and installations are 
being established, it cannot be empha- 
sized too strongly that these two prin- 
ciples are solidly based. 

Moreover, the long known fact that 
the expressions of genes vary, so that, 
rarely, a harmful gene may in some spe- 
cial combination or environment prove 
advantageous, is quite irrelevant to the 
point that under any given circumstances 
the vast majority of mutant genes are 
harmful. They are also harmful, though 
usually to a much lesser degree, even 
when heterozygous, despite the rare ex- 
ceptions like sickle celk anemia in ma- 
larial regions, that natural selection 
tends to make abundant. 

Geneticists are in general agreed that 
it is the exceedingly rare advantageous 
mutations that make evolution possible, 
by their multiplication under the influ- 
ence of either natural or artificial selec 
tion. Hence radiation, by supplying 
more mutations, may result in a consid- 
erable speeding of evolution, provided 
selection is sufficiently and 
the rate of multiplication of the advan 
tageous mutants is correspondingly 
high. This is possible in fruit flies or 
crop plants, where one pair of parents 
can produce hundreds of offspring. On 
the contrary, in human populations, espe 


rigorous 


cially in modern: civilized communities, 
with their very successful saving of their 
genetically weaker and theif 
very low rate of reproduction on the 
part of the genetically better endowed, 
any increase in the number of mutations 
Thus 


members 


can only add to human suffering. 
even though we grant that a gene for 
greater ability of some particular kind 
could, very rarely, be produced, never- 
theless so many more genes for reduced 
ability, or disability, would at the same 
time be produced as to prevent the de 
velopment of high ability in many of 
those who otherwise would have had it, 
the net effect being a loss in the number 
of abler individuals. 

\ fourth fact requiring emphasis is 
that, paradoxically, even a slightly harm 
ful mutation does an amount of harm 
comparable in the end to that done by 
an extremely harmful one. This is be 
number of descendants to 
which any given mutant gene is trans 


cause the 


mitted before it causes extinction of its 
line of descent tends to vary inversely 
with the amount of harm it does. That 
is, it makes up for doing less harm to 
each individual by afflicting more in 
dividuals and thereby harms the popu 
lation about as much in the end We all 
suffer from an accumulation of several 
or many so-called small mutations, 

To know the total genetic harm done 
by mutations we must therefore know 
the total frequency of occurrence of mu 
tations, including the small ones. ‘A di 
rect approach to a solution of this prob- 
lem been made only in fruit flies, 
where it is found that there are some 
10,000 times as many mutations alto 


has 


*Proposed five-minute discussion, prepared at the request of Dr. Tage Kemp, chairman of 


Effects of Radiation 
Uses of Atomic 


the session on “Genetic 
ference on the Peaceful 


Human Implications,” 
Energy, Geneva, Aug 
sent this discussion had been granted by the Secretary General of the Conference but 


of the International Con 
15, 1955. Permission to pre 
was 


revoked as the session in question began, on the ground that the author had not been made a 


).S.A.E.( 


technical adviser by the | 
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gether, including small ones, as the num- 
ber that occur, on the average, as “al- 
leles” (or “pseudo-alleles”) of any one 
given mutant. Since it is highly unlikely 
that mammals are genetically less com- 
plicated than fruit flies we are therefore 
probably obtaining minimum estimates 
of total mutation frequency in mice when 
we multiply by only 10,000 the mutation 
frequencies found by Russell for alleles 
of any given mutant. This reckoning, 
which in no sense depends on the prob- 
lematical question of the total number 
of genes, shows that, in mice, at least 
one individual in five has a new spon- 
taneous mutation and that exposure to 
about 40r produces as many mutations 
as arise spontaneously. The details of 
the arguments and calculations are given 
in the paper which I prepared for this 
Conference.* 

If humans react like mice, then ex- 
posure of one parent to the so-called 
permissible dose of .3r per week for 
some 15 years before his reproduction 
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would result in half his children carrying 
an induced mutation, This would usually 
be small in effect and not identifiable, 
yet it would tend to hamper successive 
descendants until it led to the extinction 
of its line, frustrating a life. It is there- 
fore necessary to reconsider our protec- 
tion policies and our standard of permis- 
sible dose now, before it becomes too 
hard to change them. 

As a matter of fact, at such American 
installations as Oak Ridge, workers are 
in practice not allowed to receive an 
average of more than about a tenth of 
the so-called permissible dose. More- 
over, the International Commission on 
Radiation Protection has recommended 
that this lower ceiling be adopted in 
cases of wide-spread exposure. It is to 
be hoped that industrial, military, medi- 
cal and research establishments every- 
where will be influenced thereby to re- 
vise their protection standards, so as to 
bring them into conformity with the 
facts of genetic damage. 


*This paper, which was prepared at the request of the Atomic Energy Commission, is 
expected to appear in the Proceedings of the International Conference on the Peaceful Uses of 
Atomic Energy. According to present plan it will also be published in the November, 1955, 


issue of the Bulletin of the Atomic Scientists. 
made available prior to or at the Conference, possibly because duplicating 


become overtaxed 


Contrary to prior announcement, it was not 
facilities had 





Chairman Strauss’ Statement 


(Continued from page 


asked him to alter his paper. That was not 
done. I am extremely sorry for it. 

“Fortunately, it was the only untoward in- 
cident in dealing with perhaps 2,000 men on 
fairly short notice. As I say, I am sorry for 
it, and I take the full personal responsibility 
for it.” 

Comment 

The following are the essential items in ap- 
praising the Muller incident: 

Dr. Muller was invited by telephone to be 
a member of the U. S. Delegation to the 
Atoms for Peace Conference at Geneva late in 
March. Receipt of the abstract of his paper 
was acknowledged by the AEC on March 25. 

July 18—A letter to Dr. Muller, signed by 
Dr. George L. Weil, Technical Director, said 
in part: “The paper has been reviewed and 
submitted to the United Nations as a contribu- 
tion to the International Conference on the 
Peaceful Uses of Atomic Radiation. We have 
recently learned that your paper has not been 
requested for oral presentation .. .” 

July 22—A letter to Dr. Muller signed by 
Paul W. McDaniel, AEC Technical Papers 
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officer, contained the following statement: “We 
are sorry it was not possible to inform you 
sooner but we were not informed of the final 
decision taken by the U.N. until just before we 
wrote you.” 

These statements were quoted by Dr. Muller 
in an interview published on September 17. 
Commenting on these statements a U.N. 
spokesman, Dr. Bryan Urquhart, executive 
assistant to the Secretary General of the Con 
ference, flatly denied this allegation: “The im- 
plication is totally false. Dr. George L. Weil 
(AEC technical director for the Conference) 
wrote us June 30 that Dr. Muller would not 
be a member of the United States delegation 
and they did not want his paper presented 
As far as we were concerned the paper was 
naturally of great interest.” 

An AFC press statement issued on Sep 
tember 18 stated that the AEC had with 
drawn Dr. Muller’s paper because it referred 
to the Hiroshima bombing. The AEC said un- 
der the established rules for the Conference, 
“discussions were to deal exclusively with the 
peaceful uses of atomic energy.” 





CHROMOSOMAL INTERCHANGES AND 
EVIDENCE FOR DUPLICATION 
In Haploid Sorghum vulgare 


J. E. Enprizzt anp D. T. Morcan, Jr.* 


ORGHUM vulgare Pers. ordinarily 
forms 10 bivalents at the first meio 
tic metaphase. Occasional multival- 

ents, mostly trivalents and quadrivalents, 
have been detected at metaphase | 
Multivalent association, although quite 
limited in frequency, together with so- 
matic chromosome numbers of 10 in two 
species of the Para-sorghums have been 
interpreted as a polyploid 
origin for S. vulgare. The occurrence of 
a haploid sporophyte of S. vulgare, fol 
lowing an interspecific cross, presented 
an opportunity to obtain further evidence 
on the presumed polyploid nature of 
this species by testing cytologically for 
the presence of duplicated segments in 
otherwise non-homologous chromosomes 
of the haploid complement. 


indicating 


Origin of the Haploid Plant 

The haploid arose following a cross of 
S. vulgare Pers. ev. ‘Texas Blackhull 
kafir’ & S. arundinaceum (Willd.) 
Stapf. The female parent was homozy 
gous for the recessive male sterile-2 
gene. The haploid was detected in the 
hybrid population by its maternal mor 
phological characters. In addition to its 
maternal characters, the haploid was dis 
tinguished by its male and female steril 
ity in comparison with the fertility of the 


MITOTIC METAPHASE 
Figure 1 

in root-tip of haploid S$ 

Approximately 1900 


vulgare 


Metaphase 
(n 10) 


phological characters, was verified by 
chromosome counts from propionic-cat 
smears of and 


Ten 


mine ricrosporocytes 


chromosomes were ob 


F, hybrids of the closely related parental 
species. The haploid was similar in ap- 
pearance to the haploid S. vulgare plants 


described previously by Brown!. In 


root tips. 
served at first meiotic metaphase in the 
pollen mother cells and at metaphase of 


mitosis in the root-tips (Figure 1) 


comparison with diploids of this species, 
the haploid was generally reduced in 
the size of plant and parts. The haploid 
nature of this plant, deduced from mor- 


Meiotic Observations of the Haploid 


The pollen mother cells produced by 
the haploid were small and relatively few 


University of Maryland Agri 
supported in part 


*Scientific Article No. A507, Contribution No. 2628 of the 
cultural Experiment Station, Department of Botany. This 
by a grant from the National Science Foundation. The data in this paper were contained in a 
thesis presented by the senior author to the Faculty of the Graduate School of the University 
of Maryland in partial fulfillment of the requirements for the degree of Doctor of Philosophy 
The present address of the senior author is Beasley Laboratory, Department of Agronomy, 
Agricultural and Mechanical College of Texas, College Station, 
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in number. However, 26 cells at diaki- 
nesis or metaphase I were examined. 
Ten irregularly distributed univalents 
were observed in each of 22 cells; 
valent and eight univalents occurred in 
each of the four other pollen mother 
cells studied. Bivalent formation in 
haploids of S. vulgare has been reported 
previously by and Kidd*. In 
addition to the microsporocytes showing 
one bivalent per cell, Brown found one 
pollen mother cell with three bivalents 
and four univalents. One pollen mother 
cel] with a trivalent and seven univalents 
was observed by Kidd. Chromosome 
breakage or fragmentation was not de- 
tected in the haploid used in the present 
study or reported for the haploid ana- 
lyzed by Kidd. In her study of 76 ana- 
phase I cells of haploids of S. vulgare, 
Brown observed a single pollen mother 
cell with a bridge and fragment. 


a bi- 


srown! 


The occurrence of bivalents at meta 
phase I in haploids presumably indicates 
the presence of genetically similar seg- 


ments in otherwise non-homologous 
chromosomes. The duplicate segments, 
particularly if short, would be expected 
to pair more frequently as bivalents in 
the haploid than as multivalents in the 
diploid since structurally similar homo- 
logues are present in the diploid. Addi- 
tional evidence in regard to the nature 
of chromosome associations in the hap 
loid may be obtained by a cytological 
analysis of its F, derivatives. 

Although haploids are largely sterile, 
functional spores are occasionally pro- 
duced.*:* The functional spores may 
have aneuploid chromosome numbers 
and structurally rearranged chromo- 
somes due to the irregular nature of 
meiosis in the haploid. Sears'® made a 
cytological analysis of the F, derivatives 
of a haploid of the allohexaploid Triticum 
vulgare. Reciprocal translocations, as 
well as monosomic and trisomic plants, 
were detected by Sears in the F, deriva- 
tives of the haploid. The reciprocal 
translocations are of particular interest 
to the present study since Sears attrib- 
uted their origin to crossing-over be- 


of Heredity 


tween homologous segments in otherwise 
non-homologous chromosomes. 

The haploid S. vulgare plant was di- 
vided into two clones in order to obtain 
a number of F, seeds. An absence of 
gametophytic competition is desirable 
for the maximal recovery in the next 
generation of the functional products of 
meiosis in haploids. The male sterile 
nature of the haploid S. vulgare neces- 
sitated its use as the female parent, thus 
eliminating gametophytic competition. 
The inflorescences of the two clonal divi 
with pollen from 
The haploid 


seeds : seeds 


were crossed 
Texas Blackhull  kafir. 
clones produced 156 3] 
germinated, and 29 seedlings developed 


s1IoOns 


into mature plants. 


Cytological Analysis of the Derivatives of 
the Haploid 

Young inflorescences of each of the 29 F, 
derivatives of the haploid were fixed in New 
comer’s!! fluid, and the pollen mother cells 
were subsequently smeared and stained in 
propionic-carmine for analysis at metaphase I 
At least 73 pollen mother 


and anaphase I 
for each 


cells were studied at metaphase 1 
plant; 75 or more pollen mother cells were 
examined at anaphase I for each plant. No 
deviations from regular bivalent formation 
and normal anaphase [ disjunction were ob 
served in 26 of the 29 F; plants. Three of the 
F, derivatives of the haploid produced atypical 
metaphase I configurations. Each of the three 
cytologically atypical plants will be discussed 
individually. 


F, Derivative of the Haploid Heterozygous 
for a Reciprocal Translocation 
Analysis at metaphase I disclosed the pres 
ence of a heterozygous reciprocal translocation 
in this derivative. A ring or a chain of four 
chromosomes and eight bivalents occurred in 
each of 106 pollen mother cells at metaphase I. 

The origin of the reciprocal translocation 
may be explained by crossing-over in homo- 
logous segments of two  semi-homologous 
chromosomes during megasporogenesis of the 
haploid plant. Sears! listed the various meth- 
ods of origin of with interchanged 
chromosomes or aneuploid chromosome num 
bers produced by meiosis in haploids. There 
fore only those methods pertinent to the three 
cytologically atypical F; derivatives of the 
haploid S. vulgare will be presented. 

Figure 3 shows the postulated origin of the 
reciprocal translocation by crossing-over in 
duplicate segments of otherwise non-homo 
logous chromosomes. Fertilization of an egg 
carrying the interchanged chromosomes (Fig- 


spores 
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ure 3, type [) by a sperm from the normal 


diploid results in an F, plant heterozygous tot 
a reciprocal translocation 

The locations of the 
concerned in the development of the translo 
cation may be deduced | 
quencies of rings of four and chains of four in 
the pollen mother cells of the F; plant. Of the 
106 pollen mother cells examined, 105 had 
rings (Figure 24) and only one had 
(Figure 22). The high frequency of 
cells with rings shows that the 
arms were long 
crossing-over in each of the four 
at pachytene in the 
turn 


duplicate segments 


vy comparing the fre 


a chai 
polle n 
inter 
permit 


mother 
changed enough to 
irms of the 
translocation configuration 
I; derivative of the haploid. This in 
hows that the duplicate segments in the two 
partially homologous chromosomes of — the 
haploid were interstitial and not subterminal 
in location 

Since reciprocal translocations in § 
the orientation 


vulgare 
have not been reported before, 
plate was 
alternate 
pole while 


of the rings on the metaphase | 
determined. Seventeen rings had 
members directed toward the 
88 had adjacent members oriented toward one 
pole (Figure 24) Adjacent disjunction re 
sults in pollen abortion due to duplications and 
alternate dis 


same 


deficiencies in the microspores ; 


formation of pollen 


genes. Ac 


junction results in. the 
with the normal complement o 
cordingly, the frequency ol aborted pollen Was 
determined by dissecting individual anthers in 
a drop of a solution « mmposed of one gram 
of iodine and one gram of 1odide 
100 cubic centimeters of 80 per 
ethyl alcohol In the four 
amined, 754 stainable pe llen 
found; 3130 pollen grains were abortive. The 
average of 19.4 percent stainable pollen ap 
proximates the frequency of pollen mother 
cells with alternate members of the ring di 
rected towards the same pole at metaphase | 

The anaphase I configurations did not dif 
fer appreciably from those expected in S. vul 
gare. No deviations from normal 
separation were observed in 103 of the 105 
pollen mother each of two 
mother lagging 
chromosome 


potassium 
dissolved in 
cent anthers ex 


grains were 


anaphase 


cells examined; 


pollen cells had a_ single 


F, Derivative of the Haploid with Univa- 
lents and a Small Centric Fragment 
This plant, designated as derivative B, had 

20 chromosomes and a small centric fragment. 

The fragment was detected in each of the 77 

microsporocytes analyzed at metaphase I. In 

addition to the fragment, 50 of the pollen 
mother cells had 10 bivalents, 26 had nine 
bivalents and two univalents (Figure 2C ) ; one 
pollen mother cell had eight bivalents and 
four univalents. In the cells with two univa- 
lents, one univalent appeared to be smaller 
than the other. The fragment was associated 


at the centromere region with a bivalent in 
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A 


TY xo 
cel. 


Figure 2 


heterozygous reciprocal transloca 
1 in a pollen mother cell of 
haploid Adjacent 
oriented to 


four at 


1—The 
tion- at metaphase 
the | 
members of the ring of four are 
ward the same pole B—Chain of 
in the derivative heterozygous 


Me tapha U 


vulyare show 


derivative of the 


metaphase I 
reciprocal translocation.  ( 
B of hapl nd S 


nine bivalents and 


lor a 
I of derivative 
ing the centri 
two univalents !, B and C approximately 
2300 


fragment, 


two of the 50 cells having complete bivalent 
formation 

The occurrence of two 
proximately one-third of the 
cells indicates that a 
rangement occurred in at 
some during megasporogenesis in the haploid 
The absence of multivalents shows that major 
duplications were not recovered in the fun 
As shown in Figure 4 
segment located it 


univalents in ap 
pollen mother 
structural 
chromo 


rear 


gross 


least one 


tional megaspore 
crossing-over between a 
the long arm near the centromere of a hetero 
brachial chromosome and a subterminal du- 
plicate segment of another chromosome pro 
most of a 


vides a method for the loss of 


chromosome arm, Fusion of an egg carrying 
the chromosomes shown in Figure 4, type II 
with a normal sperm would result in an F 


plant deficient for a major segment of a long 
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POSTULATED ORIGIN OF THE RECIPROCAL TRANSLOCATION DURING MEIOSIS 
OF THE HAPLOID SPOROPHYTE OF S. VULGARE 
Figure 3 
Diagram A illustrates pairing and crossing-over through duplicate segments of otherwise 
non-homologous chromosomes. The centromeres are indicated by vertical lines, Restitution of 
all of the chromosomes of the haploid microsporocyte into a single nucleus occurs after meiosis I. 
Diagram B shows dyads at metaphase II following restitution at the end of the first divi- 
sion. Random segregation of the chromatids of each dyad occurs at anaphase II producing four 
possible types of spores. —_> 
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arm. This method could account for the fre- 
quent formation of two univalents and the 
lack of multivalents in the F; plant. An ab- 
sence of crossing-over in the duplicated region 
and in the short arms of the heteromorphic 
pair would result in the production of univa 
lents; failure of crossing-over involving the 
short terminal duplicated region of the inter- 
changed chromosome would account for the 
absence of multivalents at metaphase I. 

Another test was designed to determine if 
a chromosomal rearrangement of the kind 
shown in Figure 4, type II during 
megasporogenesis of the haploid. A short in 
terchanged chromosome, as shown in Figure 
4, in the egg cell contributed by the haploid 
parent would result in a heteromorphic pair 
in the F, plant. Such a heteromorphic pair, 
composed of two partially homologous chro- 
mosomes, should produce an open (rod) 
bivalent rather than a closed (ring) bivalent 
since a chiasma in each arm is required for 
the formation of a bivalent. Accord 
ingly, the frequencies of open and closed 
bivalents in derivative B were obtained for 
comparison with bivalent formation in a nor- 
mal diploid of S. vulgare. The data in regard 
to the types of bivalents are presented in Ta- 
ble I. Ten closed bivalents were observed 
most frequently in the normal diploid, while a 
maximum of nine closed bivalents occurred in 
derivative B. This comparison substantiates 
the previous assumption that a major struc 
tural change was present in the complement 
of the egg of the haploid parent. It seems 
likely that alterations in structure of other 
chromosomes occurred open biva 
lents were more frequent in the derivative 
than in the metaphase I configurations of the 
normal diploid 

The presence of several rearrangements in 
chromosome structure in the egg cell of the 
haploid was further indicated by the sterility 
of the F, plant, the occurrence of one pollen 
mother cell with four univalents, and frequent 
asynapsis in terminal regions at pachytene 
Brown's! report of a microsporocyte with 
three bivalents in haploid S. vulgare is perti- 
nent in regard to multiple rearrangements 
Kxchanges in the duplicated regions of a hap 
loid with numerous bivalents could 
result in the formation of several 
chromosomes, 

The sterility of derivative B differed from 
that exhibited by plants homozygous for the 


male sterile-2 gene. The anthers of derivative 


arose 


closed 


also since 


sporocy te 


rearranged 


Diagram ( 
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B exserted but did not dehisce; anthers of 
male sterile-2 homozygotes degenerated dur 
ing development and were never exserted. 
Additionally, male sterile-2 homozygotes 
were fully fertile when used as the female 
parent in contrast to the female sterility of 
derivative B. No seeds were produced by 
derivative B although repeated pollinations 
were made with Texas Blackhull kafir. 

The origin of the small centric fragment is 
not apparent. Chromosome fragmentation was 
not detected during meiosis in the haploid 
Unfortunately, the detailed morphology of the 
pachytene chromosomes of S. vulgare is not 
clear at present. However, Harpstead, Ross 
and Franzke® illustrate abbreviated short arms 
for some of the pachytene bivalents of this 
species. In the previous discussion of deriva 
tive B, it was pointed out that an exchange 
between a segment near the centromere in the 
long arm of a heterobrachial chromosome and 
a subterminal duplicate segment in another 
member of the complement could lead to an 
interchanged chromosome greatly reduced in 
size. The centric fragment, however, seemed 
too short to be accounted for in this manner. 
The fragment oriented regularly on the meta 
phase I plate and was associated with a biva 
lent at the centromere region in two of the 
77 pollen mother cells analyzed at metaphase | 

The types and frequencies of anaphase I 
configurations of derivative B are listed in 
Table II. The frequent occurrence of univa 


TABLE I. Open and closed bivalents in metaphase 

I microsporocytes with complete bivalent association 

in S. vulgare cv. ‘Texas Blackhull kafir’ and deriva 
tive B of the haploid* 


TABLE II. Types and frequencies of lagging chromo- 
somes at anaphase I in microsporocytes of derivative 


B of the haploid* 


illustrates the four possible types of spores produced following meiosis II, The 


functioning of a megaspore of Type I results in an egg cell with two interchanged chromosomes 
When the haploid is used as the female parent, the union of such an egg with a sperm carry 
ing the normal arrangement of chromosomes WX and YZ produces a heterozygous reciprocal 


translocation 
Sears™, 


in the F;. This explanation and t 


he accompanying diagrams are adapted from 
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POSTULATED ORIGIN OF THE INTERCHANGED CHROMOSOME 
IN DERIVATIVE B OF THE HAPLOID 


Figure 4 


Diagram A illustrates pairing and crossing-over between a segment located in the long 
arm near the centromere of a heterobrachial chromosome and a subterminal duplicate segment 
in an otherwise non-homologous chromosome. The centromeres are indicated by vertical lines. 
Restitution of all the chromosomes of the haploid microsporocyte into a single nucleus occurs 
after meiosis I. 

Diagram B shows dyads at metaphase II following restitution at the end of the first division 
Random segregation of the chromatids of each dyad occurs at anaphase II producing four 


possible types of spores. —_ 





Endrizzi and Morgan: Chromosomal Interchanges in Sorghum 207 


lents at metaphase I resulted in the lagging with an extra chromosome The union of a 
chromosomes detected at anaphase The cen- normal sperm with an egg in the embryo sac 
tric fragment divided and disjoined regularly derived from the » + 1 megaspore results in 
in 82 of the 88 pollen mother cells at ana a trisomic F, plant. 
phase l. 

: . ; aks , Discussion of Duplications and the Allo- 

F, Trisomic Derivative of the Haploid polyploid Nature of S. vulgare 

Cytological study of this plant revealed 
that it was a trisome. The metaphase I con 
figurations of 73 microsporocytes were deter 
mined. Fifty-three of the pollen mother cells 
iad 10 bivalents and a univalent, 19 had nine 
bivalents and a trivalent, and one pollen 
mother cell had nine bivalents and three univa 
lents All trivalents were chains. Distribu of a haploid sporophyte of this species 
tions of 10-11 and 10-10 with a lagging Brown's observation and the evidence ob 
chromosome occurred in 75 pollen mother tained in the present study for multiple rear 
cells at anaphase I, rangements in chromosome structure during 


sivalent association during meiosis of the 
haploid and the recovery ol interchanged 
chromosomes in its Ff; derivatives are evidence 
for the existence of duplications in S, vulgare 
Brown! reported six of the 10 chromosome 
associated as bivalents in a pollen mother cell 


Sears!5 summarized the alternative methods meiosis in the haploid, suggest that at least 
of origin of trisomic derivatives of haploids everal duplicate segments are present in the 
he methods of origin of the extra chromo complement of S. vulgare. It seems likely that 
ome, based on division of univalents during the duplications are ancestral rather than re 
meiosis [, do not seem applicable to the origin cent in occurrence and reflect the polyploid 
} 


of the trisomic derivative Although the un origin of S. vulgare, since a basic chromo 


paired centric fragment in derivative B di ome number of five occurs in the genu 


r 


vided frequently during the first division, divi Garber,’ Hadley,® and Huskins and Smith? 
sion of univalents during meiosis I apparently have suggested that S. vulgare may be an 
eldom if ever occurs in haploid S. vulgare allopolyploid Their conclusions were based 
In an analysis of 76 anaphase | microsporo primarily on the occurrence of a haploid chro 
cytes of haploids of this species, Brown! re mosome number of five 

ported that the univalents did not divide. Al Para-sorghums as well 


though the origin of the trisome cannot be formation of multivalents in S 


attributed with certainty to any of the alter ever, Duara and Stebbins? considered S$ 


be a diploid. Althoug! 
planation originally suggested by Kihara and Sudan grass and the Texas Blackhull kafir 
Nishiyama® seems most likely in view of varieties of S. vulgare differ in a number of 


native methods summarized by Sears, the ex gare var. sudanense to 


Brown’s extensive study of anaphase | A morphological characters, the  intervarietal 
to the interpretation of Kihara and hybrid has regular bivalent formation, There 
la, a restitution nucleus, including all fore, the distinction between these varieti 
univalent, is formed at the end of genetical, and the genomes of Blackhull kafir 
I in the haploid. The excluded univa and Sudan grass are very similar, if not ider 

orms a micronucleus. During meiosis II tical 
he univalents divide and disjoin. The Duplicate factors are not listed among the 
within the micronucleus also di 120 known mutant genes of S. vulgare recorded 
the two chromosomes thus formed by Martin!® and Quinby and Martin.’* How 
included in one of the telophase ever, Huskins and Smith? cite instances of 
sulting in the formation of a spore duplicate genes governing peduncle shape and 


Diagram C illustrates the four possible types of spores produced following meiosi 
functioning of a megaspore of type II results in an egg cell with one normal and one 
interchanged chromosome. When the haploid is used as the female parent, the union of such 
egg with a sperm carrying the normal arrangement of chromosomes LM and 
IF, plant with a normal NO pair and a heteromorphic pair of chromosome heteromorpl 
pair is composed of a LM chromosome from the pollen parent and an interchanged chromosome 
from the haploid parent which is deficient for a major segment of the long arm. The inter 
changed chromosome carries the short terminal region of arm O 

Diagram D shows the expected chromosome association in the Ff, derivative of the haploid 
The NO homologues regularly form bivalents. The heteromorphic pair forms a bivalent when 
an exchange occurs in homologous regions. Failure of crossing-over in the unaltered short arm 
(L), the main region of homology in the heteromorphic pair, results in two univalents. Mu'tip'e 
associations seldom if ever occur due to the limited length of the terminal duplication at end O 
of the interchanged chromosome. The functioning of other spore types would lead to either 
regular bivalent formation or mu!tiple associations in the derivatives of the haploid 
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chlorophyll development. These examples, in 
the authors’ opinion, do not appear to be well 
established, Cytological rather than genetical 
analyses have supplied most of the informa- 
tion for developing the theories of origin of 
S. vulgare. The results of the present study 
are therefore of considerable significance in 
this respect. The cytological evidence for du- 
plications in the haploid complement, along 
with the occasional formation of multivalents 
in the diploid and a basic chromosome num- 
ber of five in the genus, support the conclu- 
sion that S, vulgare is a polyploid. The regu- 
larity of bivalent formation and the prepon- 
derance of monohybrid ratios for the known 
mutant genes of S. vulgare suggest that this 
species is an allotetraploid. 


Summary 


A maternal haploid sporophyte of Sorghum 
vulgare (n 10) occurred in a population of 
hybrids from Sorghum vulgare Pers. cv. 
‘Texas Blackhull kafir’ *% Sorghum arundi 
naceum (Wiild.) Stapf. Inflorescences of the 
haploid were fixed in Newcomer’s fluid prior 
to the preparation of propionic-carmine smears 
of the pollen mother cells. Single bivalents 
occurred in each of four of the 26 pollen 
mother cells examined; the other chromosomes 
were univalents. 

The haploid was divided into two clones in 
the year following its isolation. The inflores 
cences of the clonal divisions were crossed with 
pollen from cytologically normal diploids of 
Texas Blackhull kafir. Twenty-nine mature 
F, plants were obtained from the seeds pro- 
duced by the haploid, Microsporocytes of the 
F, derivatives of the haploid were studied at 
metaphase I and anaphase I for evidence of 
changes in chromosome structure or number 
originating during megasporogenesis in the 
haploid ‘parent, Twenty-six of the 29 F, 
derivatives of the haploid had normal meta- 
phase I associations and anaphase I disjunc- 
tion. Three of the F; derivatives were cyto 
logically atypical. 

A heterozygous reciprocai translocation 
was present in one of the derivatives of the 
haploid. Rings of four were found in 105 of 
the 106 microsporocytes examined at meta- 
phase 1; a chain of four was observed in one 
pollen mother cell. The origin of the recip 
rocal translocation is attributed to crossing- 
over in interstitial duplicate regions of two 
partially homologous chromosomes during 
megasporogenesis of the haploid. 

Evidence for a gross structural change in 
one chromosome arm was obtained for the 
second atypical derivative of the haploid. This 
structural change was interpreted as a loss of 
a major portion of the long arm of a hetero- 
brachial chromosome by crossing-over in the 
segments of two otherwise non- 
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homologous chromosomes of the haploid. Two 
univalents were observed at metaphase I in 
approximately one-third of the pollen mother 
cells. The occurrence of a centric fragment, 
the low frequency of ring bivalents, and the 
complete sterility of this plant indicate that 
several structural rearrangements were pres- 
ent in the chromosomes of the egg of the 
haploid parent 

The third atypical F; derivative of the hap- 
loid was trisomic. In the detailed discussion 
of this plant, a possible method is presented 
for the origin of the extra chromosome dur- 
ing meiosis of the haploid. 

The cytological evidence for duplications in 
the haploid complement of S. vulgare supports 
previous interpretations of an allopolyploid 
origin of this species. 
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PHYSIOLOGICAL DIFFERENCES IN UTERI 
OF OBESE STOCK MICE 
A Comparison Between Obese Mice and their Thin Sibs 


M. L. Drasuer, M. M. DIckIE anp P. W. LANE*® 


HI sterility of both male and fe- 

male obese (ob) mice has been rec 

ognized since the appearance of the 
ob mutation.” It has been shown that 
by restricting the diet of the males so 
that they are maintained at a normal 
weight some of these animals are able 
to mate successfully. This technique 
has not been successful, however, with 
the females well as ovaries* 
from ob females, when transplanted in- 
to thin mice, will produce viable off 


Ova’ as 


spring indicating that the ovary of the 
ob female is competent for reproduction 

The ob stock of this laboratory 
ing bred to place the ob gene on the ge- 
netic background of the C57BI_/6 strain. 
This process is not as yet complete but 


15 be 


has progressed far enough to consider 
that 
neti 
strain 

The competence of the ob uteri to re- 


1) 
I 

+) 
Ul 


lese animals carry many of the ge 


haracteristics of the C57BI./6 


spond to estrogen stimulation was de- 
termined by testing for 1) immediate 
response of the uterus to estrogen stimu 
lation, 2) the rate of uterine regression 
following cessation of estrogen treatment 
and 3) the influence of obesity itself on 
the regression rate of the uterus. 


Materials and Methods 


Kstrogen was administered subcutane 
ously as estradiol dipropionatet on the 
lith, 12th and 13th day after bilateral 
ovariectomy, one gamma each time. Ani- 
mals used for testing immediate uterine 
response were sacrificed on the 14th day 
and those used for testing uterine re 
gression rate were sacrificed six weeks 
after treatment. 


cessation of estrogen 


*From the Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Maine 
grant 


tion was supported in part by a research 


Suitable bilaterally ovariectomized con- 
trols without hormone treatment were 
used for all groups. Thin sibling controls 
were used in all \nimals 
used to test the effect of the obesity it- 
self were genetically obese (o>) animals 
which had been maintained on a restrict 
ed diet and had weights within the nor- 
mal, ion-oh range. They were then treat 
ed in the cribed above. <A 
group of intact ob animals and thin con- 
treatment 


also Cases 


manner de 


hormone 
\ll animals were be 


trols 
was also studied 


receiving no 


tween seven and eight months of age 
Animals were sacrificed and the uteri 

removed immediately, blotted 

weighed on a Roller Smith torsion bal 


' 


and wet 


ance. They were then processed accord 
ing to a previously described procedure.® 
Desoxyribonucleic acid (DNA) was de 
termined by the diphenylamine reaction,’ 
(RNA) by the 


nitrogen by a 


ribonucleic acid orcane 
method? 
micro-K jeldahl method.* 


and protein 


Results 


Results of these determinations are presented 
in Tables I, If and III, Two major physio 
logical differences produced by the presence of 
the ob gene were noted, First, the uteri of 
mice regress more rapidly after estrogen stim 
ulation than do their thin sibling controls, and 
second, the uteri of ob mice contain only ap 
proximately one-half the amount of DNA as 
do their thin sibling controls (this is indicative 
of only one-half the normal number of uterine 
nuclei ) 

It will be noticed immediately 
I that the uteri of both genetically 
and their thin sibs respond to the same extent 
to short term estrogen stimulation. However 
the ob uteri show a marked regression six 
weeks later whereas the uteri of their thin 
sibs do not. It has been shown previously (un 


Pable 


female 


trom 
oh 


This investiga 


from the National Cancer Institute, of the 


National Institutes of Health, Public Health Service. 
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CROSS-SECTION OF OBESE AND NORMAL UTERUS 
Figure 5 

1—-Cross-section of the uterus of a thin sibling control at four months of age, castrated 
two weeks prior to sacrifice. Particular attention is drawn to the density of nuclei in the 
uterus, /—Cross-section of the uterus of the obese littermate of the animal shown in 4, also 
at four months of age and castrated two weeks prior to sacrifice. C—Cross-section of the 
uterus of a thin sibling control at 10 months of age, castrated two weeks prior to sacrifice 
D—Cross-section of the uterus of the obese littermate of the animal shown in C, also at 10 
months of age and castrated two weeks prior to sacrifice (4-D—180 «) 
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published data) that the uteri of the C57BL/6 
strain are characterized by this delayed regres 
sion following estrogen stimulation. this 
ob line is being placed on the C57BL/6 back 

that of de 

presence ol the 
the pattern ol 
this is due to 


Ince 


ground, the expected response is 
layed regression. Hence the 
b causes a change in 
uterine regression. Whether 
the obesity itself or due to some other ettect of 
gene was tested by using ovariectomized 
ob females which had been kept on a restricted 
diet. It will be in Table UH that restric 
tion of diet has not changed the uterine re 
gression pattern irom that observed before. 

Perhaps the most striking thing apparent 
from Table I is the difference in the RNA 
DNA ratios between castrated, untreated ob 
females and their castrated, untreated thin 
ibs. The values of 0.45 and 0.35 for the thin 
are characteristic of values obtained for 
castrated animals of all strains investigated 
previously (unpublished data) The much 
higher ratios of 0.74 and 0.80 shown by the 
untreated, castrated ob 


ob gene 


the 


seen 


sibs 


animals is due to the 
lower DNA content of the ob uteri when com 
pared with the uteri of their thin sibs his 
is true despite the fact that the uteri are of 
comparable wet weights (see Table I). In 
order to check whether this condition existed 
in normal, intact females, non-castrated ob 
mice and non-castrated thin controls (of the 
C57BL/6 strain in this case) were sacrificed 
These results are shown in Table III. Total 
DNA values again point to an approximate 
halving of the total number of nuclei in the 
uteri of the ob mice without a corresponding 
decrease in total RNA. This may indicate the 
presence of fewer, but larger, cells. (A fuller 
discussion of the interpretation of these uterine 
RNA/DNA ratios is included in earlier 
paper. ) The total DNA content of 
known to contain largely diploid nuclei is a 
relative estimate of the total cells 
It is probable that one of the effects of the o/ 
gene is to reduce the total number of uterine 
cells by half. Confirmation this hy 
pothesis was found by histological examination 
of cross-sections of the uteri of ob females and 
their thin siblings. Representative cross-sections 
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10 month old females 
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four and 
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in Figure 54-D. Attention 
the relative density of the nuclei 
figures it apparent that the 
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the number of tained in the 
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Phe 
hese 
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study of the uteri of genetica 
shows that although these 

and unstimulated 
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uteri of castrated, untreated ob ¢ 
weigh the same, the uteri 
mice contain about 
number of cells. The pre 
| ondition 
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possess uter 
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uteri of 
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TABLE II. Comparison of differences in 
obese mice on restricted diet and their thin 
six weeks after cessation of estrogen treatment* 


R 
Uterine wet 
Total DNA 
Total RNA 
Total tel 
RNA/DNA 
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differences in 
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estrogen stimulation from the pattern observed 
in thin sibling controls. 
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The following dispatch was syndi- 
cated by the United Press on Sep- 
fember 14, 1955, 

RICHLAND, Wash., Sept. 13 
Ducks are laying radioactive eggs in 
the neighborhood of the Hanford 
atomic works. No one worried. 
Apparently not even the ducks. 

You can also find radioactive rab 
hits, coyotes, insects and fish near the 
big plant that manufactures plutoni- 
um for atomic weapons and nuclear 


1S 


research, 

The Hanford plant releases con- 
trolled amounts of radioactive waste 
material into the Columbia River, as 
well as into the surrounding atmos- 
phere and into the ground. 

River water also used to cool 
reactors in the plutonium plant, add- 
ing a further amount of contamina- 
tion, 

Waterbugs, crayfish and minnows 
in the river get small amounts of con- 
tamination, Ducks and other birds 
eat the bugs and fish, absorbing ra- 
dioactive substances in their bodies. 

The main isotope they take in is 
phosphorous 32, or P 32 for short. 
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il’S GOOD FOR DUCKS TOO 
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eggs, the eggs 


When the ducks lay 
contain P 32. 

The ducks themselves don’t retain 
much of the stuff. It seems to collect 
in the eggs, especially in the yolks. 

Scientists say this passing along of 
radioactivity isn’t hurting anything. 
In fact, it seems to increase the hatch 
ability of the eggs. The atomic egg 
are about 94 percent hatchable, while 
eggs laid by ordinary ducks are only 
87 per cent hatchable. 

And fertility of adult ducks devel 
oped from radioactive eggs is 98 per 
cent, exactly the same as fertility of 
ducks in uncontaminated 
places. 

Scientists have set up 17 monitor 
ing stations in the area to test birds, 
reptiles, insects, jackrabbits and other 
animals. They study concentrations 
of the iodine isotope I-131. The rab 
bits have about 500 times more I-131 
in their thyroid glands than there is 
in the vegetation they eat. 

It hasn’t been determined whether 
the radioactivity increases the already 
legendary reproductive powers of the 
rabbits. 
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GENETICS AND ORIGIN OF 
THE BICOLOR GOURDS 
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HE bicolor gourds are found 

usually among the small-fruited 

ornamenjal varieties of the ovifera 
group of Cucurbita pepo L. The genetics 
of fruit color in this species has been 
discussed previously in a preliminary 
report.’ The fruits of the common races, 
edible and ornamental, are green before 
anthesis but from anthesis on they differ 
from each other in time during develop 
ment at which the turning point occurs, 
from green to yellow. The so-called 
green- and yellow-fruited varieties are 
differentiated by alleles of gene Y*® but, 
as will be shown later in this paper, in 
teractions between Y and other genes 
may modify the course of color develop 
as well as the final color of the 
The genotypes controlling color 


ment, 
fruit. 
expression are very stable and all fruits 
borne on a given plant have the same 
color or color pattern at a comparable 
developmental stage. 

The situation different in the bi 
color races of the ornanmental gourds.? 
These gourds have been known in horti 
culture for some time and are described 
by Bailey.! In bicolor stocks, one often 
finds a wide range of phenotypic varia 
tion among developmentally comparable 
fruits borne on the same plant (Figure 
8). The surface of a bicolor fruit con 
sists of green and yellow areas which 
vary greatly in size. The fruit may be 
predominantly green with one or more 
small yellow spots, or it may be almost 
completely yellow in color (Figure 6) 
The yellow pigmentation appears to fol 
low a gradient flow and small 
occasionally coalesce into a larger yellow 
region (Figures 6, 7 and 9B). The 
centers of this flow are found usually on 
the upper portion of the fruit around the 
stem end. 

In contrast to the common varieties, 
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spots 
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all bicolor races manifest yellow pig 
mentation very early in the ontogeny of 
the fruit, long before anthesis.’ Further 
more, unlike the common varieties, the 
bicolor strains are usually unstable 
phenotypically and genetically and, until 
now, no method was known for main 
taining desirable bicolor types. 

What is the nature of the hereditary 
instability involved? To what extent do 
factors other than color genes affect the 
variation of the bicolor pattern? What 
is the origin of the present bicolor races ? 


Results of Inbreeding and Selection 
in Bicolor Races 

Seed samples of ornamental gourds 
were collected five years from the 
United States, France, Italy and Tur- 
key. A program of inbreeding was 
initiated and this was accompanied by 
The 


grades were established on the basis of 


cu 
ago 


selection for different color grades 


qn arbitrary quantitative scale ranging 
from 0, for green fruits, to 10, for yel 


r almost yellow fruits (igure 6) 
intended to develop 


low 0 
It was originally 
fairly stable races of different grades and 
to study the inheritance of these grades. 
About 70,000 fruits and 7,500 plants of 
selfed were 


results { 


seven generations 
The 
marized as follows: 

1. In unstable bicolor stocks, 
tion between. fruits borne the 
plant is often greater than that between 
fruits borne on different plants 

2. In bicolor 


plants bearing green fruits exclusively 


four to 


classified. an be sum 


Varla- 


on sane 


varieties, selections of 
results in unstable ‘spotted’ stocks. These 
mainly of green-fruited 


plants and a number of individuals which 


stocks consist 


bear, in addition to green fruits, some 
spotted fruits and rarely fruits of 
other grades for 


a lew 


Continuous selection 





BICOLOR VARIATION IN PEAR GOURDS 


Figure 6 


The fruits of the genetically stable variety, Green Pear, are of grade 0 exclusively (top 
row).. Stocks bearing extremely variable bicolor fruits often do not breed true. Near-Yellow 
Pear is a fairly stable bicolor inbred bearing fruits of grade 10 (bottom row). The fruits borne 
on the heterozygote Near-Yellow Pear * Green Pear range from 0 to 10 (see Table [V) 
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green-fruited plants may lead eventually 
to the extraction of stable green races. 

3. Selection of plants bearing fruits 
with a larger and larger yellow area 
leads eventually to the development of 
Near-Yellow stocks which breed true, 
within the accepted range of variability 
for grade 10 (Figure 6). However, it 
is difficult to establish stable races which 
breed true to other bicolor grades. 

4. The larger the yellow area on the 
surface of the fruit, the earlier is the 
stage in ontogeny, long before anthesis, 
at which it is differentiated. 

5. The nuclear mutation involved is 
reversible but the general mutational 
trend is towards uniform green color of 
the fruit. Unselected bicolor stocks are 
predominantly green. 

The above conclusions are applicable 
to all the known bicolor-fruited races of 
Cucurbita pepo L. 


Parental Material 


The six parents employed extensively in our 
study are described below: 

1. Bicolor Spoon #172; striped bicolor 
fruit, varying in grade from 11 to 12 (Figure 
7). This is a fairly stable inbred belonging to 
the category of Near-Yellow races. It was 
originated in plant 172-1 of the variety 
Vaughn’s Spoon and was since bred true for 
four generations. 

2. Early Prolific; uniformly light yellow 
fruit, color group IV.7 This edible variety, 
introduced by Ferry Morse, is represented by 
an inbred which was selfed for four genera 
tions. 

3. Fordhook Zuuchini (Improved) ; uniform 
dark green fruit, color group VII-A.7 An edi 
ble variety introduced by Burpee, represented 
by an inbred which was selfed for seven gen- 
erations. 

4. Green Pear; striped green fruit, color 


TABLE I. 


P; 
ariation 
ore on 
plant 
ariable, rang 
grades 0 g 
; ) reen 
NYP 29-10 
Fa P 
(light yellow) 
3. NYP 29-10 
Fordhook Zu 
(dark green) 


Genetics of Bicolor Gourds 


group II.7 This new inbred was originated in 
our cultures from a green-fruited plant, 168-1, 
found in Vaughn’s Pear-Shaped, a commer 
cial variety of the ornamental gourds Che 
commercial stock consisted of both green- and 
bicolor-fruited individuals, However, plant 
168-1 as well as its offspring bred true to 
striped green color for seven generations. 

5. Near-Yellow Pear (NYP); a new strain 
of grade 10 (Figure 6) which was originated 
from plant 168-5-38-1-10. Plant 168-5 was 
found in the above-mentioned stock of 
Vaughn’s Pear-Shaped, but unlike plant 168-1 
it produced, in addition to fruits, a 
number of bicolor specimens of grades 2 to 6 
Plant 168-5-38 as well as its offspring, with 
the exception of 168-5-38-1, produced fruits 
of grades 0 to 2. Plant 168-5-38-1, an un 
usual individual for a spotted stock, produced 
fruits of grades 6 to 8. The selfed offspring 
of this plant was highly variable but it in 
cluded 168-5-38-1-10 which bore fruits of 
grade 10 exclusively. The Near-Yellow Pear 
inbred has thus far been selfed for five gen- 
erations and proved to be as stable as the 
common cultivated varieties It should be 
pointed out that Near-Yellow inbreds were 
isolated from different bicolor varieties and, 
therefore, it is reasonable to assume that the 
mutation to Near-Yellow is quite frequent in 
this material 

6. White Flattened-Sphere; white 
fruit, color group [1.7 This fruited 
ornamental gourd was secured originally from 
Professor E. W. Sinnott and been 
selfed for 15 generations. 
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has since 


Genetics of Bicolor Fruit Variation 


In crosses between unstable bicolor stocks 
and stable the proportion of 
bicolor and monocolor phenotypes in the Fs is 
usually unpredictable. In contrast, crossing the 
Near-Yellow Pear inbred with stable mon 
color varieties results in predictable Mendelian 
ratios in the F 
plants may appear .in 
these crosses. 

Plant 29-10 of the Near-Yellow Pear 
10 (Figure 6), was crossed reciprocally 


monocolor races, 


e even though a few exceptional 
ome Is progenies of 
grade 
with 


Inheritance of the factor affecting bicolor fruit variation 


} 
plants Total 
monocolor 
sree plants 
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BICOLOR VARIATION IN SPOON GOURDS 


Figure 7 


Fruits arranged clockwise in order of increasing yellow pigmentation from completely 
green, 1, to Near-Yellow, 12; also showing the formation, of ‘ringed’ phenotypes. The above 
fruits are comparable genetically to those in Figure 6 except for fruit shape. Individual 
plants bearing fruits of grades 11 and 12 exclusively often breed true 


the three stable monocolor-fruited inbreds Plant 29-10 was selfed and the selfed off 
Green Pear, Early Prolific and Fordhook — spring was compared with the Fi generations, 
Zucchini, The reciprocal crosses gave identical NYP & Fordhook Zucchini, NYP & Early 
results. The I; and ly data agree with the hy Prolific, and NYP & Green in respect to 
pothesis that in these crosses the bicolor varia variation among fruits borne on the same in- 
tion is differentiated by a single dominant gene dividual. It is evident from Table II that, in 
and that this gene is independent of Y, the these crosses, the heterozygotes are more va- 
gene for yellow fruit color (Table I). Similar riable than the bicolor parent, Near-Yellow 
results were obtained when Bicolor Spoon Pear, and that the degree of variability de- 
#172 was crossed with the above monocolor pends on the monocolor-fruited parent em- 
varieties. The new hereditary factor is given ployed in each cross. Thus, whereas the F 
the symbol B because it is responsible for the NYP  Fordhook Zucchini produces predomi 
determination of the bicolor pattern nantly near-yellow fruits of grade 10 with a 
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range of from 6 to 10, the Fy NYP Green 
Pear produces mainly green fruits, grade 0, 
with a range from 0 to 10. The heterozygote 
NYP early Prolific is intermediate be 
tween these two extremes 

Exactly what B does, we do not know, but 
externally the presence of # appears to be 
associated with precocious breakdown of chlo- 
rophylls. 

The cross (Table I) between Near-Yellow 
Pear and Early Prolific (YY), both yellow 
races, gives a modified dihybrid ratio of 12 
bicolor (including near-yellow) : 3 yellow : 1 
green, which indicates that B can bring about 
yellow pigmentation even in the presence of 

the allele for green color.8 The color geno 
type of Near Yellow Pear is BByy 

The role of another gene in determining pig- 
mentation will apparent from the 
analysis of a number of crosses, the first of 
which is Green Pear Early Prolific. The 
fruit of Green Pear is persistently striped 
green; the alternate dark green longitudinal 
stripes are superimposed on a pale green, al- 
most white ground color. The fruit of Early 
Prolific is of uniform light yellow color; very 
pale cream at anthesis, turning yellow when 
ripe. The fruit of the F; is striped yellow, 
the alternate dark green stripes, which turn 
orange when the fruit is fully ripe, are super 
imposed on a white-green ground color which 
later turns cream. The Fs gives a dihybrid 
ratio of 9 striped yellow : 3 non-striped yel 
low 3 striped green 1 non-striped green 
(Table IIL). These results show that Y is 


become 


TABLE II. 


Bicolor variation among fruits of Near-Yellow Pear and three heterozygotes NYP 
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independent of the striping gene and that Early 
Prolific carrries the recessive non-striping 
allele. Scarchuk® has reported on the inherit 
ance of striping in the cross Early Prolific 
Caserta and he striping gene the 
symbol St. Caserta is an Italian Vegetable 
Marrow with striped fruits of group X.7 In 
the cross Green Pear & Early Prolific the 
actual F, ratio is 9 striped orange : 2 non- 
striped cream: 1 non-striped light yellow: 3 
striped green : 1 non-striped light green. This 
suggests that one dose of Y in Yy cannot bring 
about the full expression of yellow in presence 
of the non-striping gene. We have vertified 
this assumption. The Fs obtained from the 
I, cream-fruited individuals consisted of non 
striped, light-pigmented offspring only, which 
when classified gave a ratio of 1 yellow 2 
cream 1 green. In addition, crossing the F» 
non-striped green segregants with Early Pro 
lific gave, as expected, cream-fruited offspring 
exclusively. On the other hand, it is apparent 
that } mn the presence ot the striping gene 
produces yellow coloring 
The I data of cross Near-Yellow Pear 
(striped) 29-10 Farly Prolific (Table ITT) 
that BY and St are independent Fur 
as expected, cream-fruited individ 
found in this Fy among the non 
vellow-fruited plants, 
icolor class was slightly 
deficient Table TIT) probably 
due to the difficulty in classification. In the 
cream bicolor fruits, the green area is very 
pale and the colored area is white which turns 


gave the 


orange instead of 


show 
thermore, 
uals 
striped, 
although the cream 


were 
bicolor and 
} 


(see tootnote ?. 


monocolor 


races (see Figure 6 for color scale) 


Number 
plants 
rial rved 
Pear 29-10 (selfed) 
Fordhook Zucchini (dark green) 
Farly Prolific (light 


Green Pear 


ellow) 


TABLE III. 


r bicolor plants y,) 


66 ] 
Pear (striped) 
y Prolif 
ellow ) 

29-10 (striped bi 

Early Prolific 
Pear 
dhook Zucchini 
Jark green) 


non-striped 


dark greer 


NYP 29-10 
x Fordhook Zucchini 


non-striped 


dark bicolor 


*Includes 26 cream-fruited plants 
tIincludes 34 cream-fruited plants 


TIncludes 16 cream-fruited plants 


Total 
ber 
fruits 


266 
125 

9? 
258 


Inheritance of factor affecting degree and distribution of pigmentation of fruit 


Ps 


iped striped 
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cream (igure 94). Thus, it appears that the 
presence of this particular non-striping allele 
is associated with uniform light pigmentation 
of both green and yellow colors, Sinnott and 
Durham® suggested that striping is recessive 
to non-striping, but the writer has noted pre 
viously that in certain crosses, striping is 
dominant over non-striping. It is not difficult 
to interpret these seemingly conflicting results 
if we relate the striping and non-striping char- 
acters to the mode of pigment accumulation 
over the surface of the fruit. In any cross in- 
volving striped and non-striped parents, it is 
important to know whether the non-striped 
parent is lightly or heavily pigmented. Thus, 
crossing lordhook Zucchini, bearing non 
striped but dark green fruits, with Green Pear, 
bearing striped fruits with alternate light and 
dark green bands, gives non-striped (incon- 
spicuously striped) I; fruits of dark green color 
and a monohybrid ratio of 3 non-striped dark 
green : 1 striped green (Table III, 3). Simi- 
larly, crossing Fordhook Zucchini with NYP 
29-10 gives I; plants bearing non-striped (in- 
conspicuously striped) dark bicolor fruits and 
a dihybrid ratio of 9 non-striped dark bicolor 
3 striped bicolor : 3 non-striped dark green 

1 striped green (Table 111). On the other 
hand, in crosses striped & non-striped, striping 
is conspicuously dominant over non-striping if 
the non-striped parent is lightly pigmented, as 
for example, Early Prolific. These results 
justify a revision of Scarchuk’s designation of 
the striping gene. We suggest the symbol / 
for the. allele associated with uniform light 
pigmentation, /'' for the allele associated with 
restriction of heavy pigmentation to alternate 
stripes and'L for the allele associated with uni 
form heavy pigmentation. Phenotypes cor- 
responding to /, I‘! and L are shown in Figure 
10. It is possible that other patterns such as 
lacelike work and spotting? are also differ 
entiated by the same series of alleles, Further 
more, the so-called white-fruited English vege- 
table marrows, such as White Bush Vegetable 
Marrow, may carry gene / instead of the in 
hibitor gene / as previously suggested.7 

The relationship between B and W was also 
studied. Sinnott and Durham’ found that W 
for white color is epistatic to Y and y. This 
epistasis is not always complete as the WwYy 
fruit is white early in development and cream 
when fully -ripe. Fruits of the genotype 
WWYY have a similar color sequence, In 
the cross Near-Yellow Pear ” White Flat- 
tened Sphere, the F; is as variable as the F; 
NYP Green Pear (see Table IT) except 
that all fruits of the former cross change color 
from anthesis to maturity: the green fruits and 
the green area in the bicolor fruits, turn white 
and the yellow area in the bicolor fruits turn 
cream. It is difficuit to classify accurately the 
various phenotypes in the Fy of this cross, but 
among 235 plants there were three individuals 
which produced non-striped distinctly light 
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BICOLOR VARIATION AMONG FRUITS 
BORNE ON THE SAME PLANT 


Figure 8 


Two vines of different bicolor-fruited plants 
showing extreme variation among fruits borne 
on the same plant. 


green fruits. This indicates that. White Flat- 
tened Sphere carries gene /. The backcross, 
F; (NYP & White) * NYP, was classified 
without any difficulty: it gave a ratio of 1 
near-yellow turning white-cream (62 plants) 

1 variable bicolor turning white-cream (56 
plants) :1 persistent near-yellow (60 plants) 

1 persistent variable bicolor, green-yeliow (57 
plants), P value between 0.5 and 0.7. This 
suggests that B is independent of W. It should 
be mentioned that among a total of 237 plants 
in this backcross, there were two exceptional 
plants bearing striped green fruits. These two 
plants could have originated from mutation 
of B to b, or through contamination. 

In our previous interpretation,? emphasis 
was placed on the leading role of gene Y in 
the control of the fruit color expression in 
Cucurbita pepo L. In the light of the present 
data, fruit color inheritance can be interpreted 
satisfactorily without the assumption of the 
existence of specific alleles for green and yel- 
low color. We have shown that potentially 
persistent green fruits of the genotype 





Shitriss: 


wwyyl''l'’ turn almost yellow ex 
tremely early in development in presence of 
B, Furthermore, it is known that dark 
fruits of the genotype wwyyLL turn 
orange extremely late in development or in 
storage Therefore, it reasonable to 
that initially the 
chlorophylls and carotenoids is normal in all 
fruits. Alleles of gene / 
pigment accumulation as well as the quantita 
tive distribution of pigments over the surface 
of the fruit, thus resulting in 

and patterns. The main role of } 
he to control the conditions 
relative stability of chlorophylls from anthesis 
to maturity. The Y alleles could determine 
different rates of production of a substance 
(chlorophyllase?) which brings about the 
breakdown of chlorophyll. The breakdown of 
chlorophyll in this material enables the yellow 
pigmentation to become visible According to 
our present view, most of the fruit color races 
ot Cucurbita pepo L.. are differentiated by the 
B-l-Y-L complex of genes, acting in concert, 


rather than largely by gene Y. It is through 
| 


( omple tely 


well 


green 


seems 
assume synthesis of both 


may affect the rate of 


various shades 
alleles may 


determining the 


interactions in 
may hope to 
understanding of the 
mechanism governing the developmental fruit 
color sequences and fruit color variability, in 
general, in this species. Although genes I’, J 
and 1 seem to manifest their phenotypic effects 
after anthesis and factor PB exerts its 
pre-anthesis stages exclus 


lemical genetics of various 
that on 
gain eventually a better 


} 
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this system of genes 


action at 


vely, there are some 
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system of pigment control. For 
( xample the tact that the heterozygote 
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low strongly 
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suggests the possible interaction 
between B and L. Indeed, a group ol I: 
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having a distinetly new color phenotype—pre 
cociously yellow, 1.e. uniformly 


latter heterozygote be irs 

yellow at bud 
tage, long before anthesis. If these segregant 
vill breed true to precocious uniform 
color and prove to be BByyLl , as Is ¢ 
it would then mean that 1 can make 


letely stable phe noty pic ally 


yellow 
x pected 


B con 


Nature of Bicolor Fruit Variation 

ically, the homozygote BRB can be looked 
fruited race, but 
that in certain crosses B 
an extremely 


a monocolor yellow 
clearly ey ident 
rings about wide range of va 
riations among fruits borne on the 
Under such circumstances, B recalls 
of Df, diffuse, a dominant 
maize®, Should we attribute the extreme fruit 
color variation in the gourds to non-hereditary 
fluctuations or to a sudden instability of B 

Our extensive breeding and selection experi 
have shown that the majority of th 
stocks are neither 
for RB. For 


ame plant 
the action 


pattern 


Rene in 
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race, ranging in grades from 0 to 4 (Figure 6 
may appear to breed true to this range except 
for a sudden occurrence, in some families, of 
an unusual plant. A 
Table I\ the phenotypic variations 
of a spotted stock, the Near-Yellow Pear in 


Near-Yellow Peat 


compraison 1s given in 


between 


bred, and the heterozygote 
Pear 

here is no doubt that the majority of the 
races, if not all, are genetically un 
It is sufficient to recall the fact, that 
stocks, strictly 
an individual which produces 
results usually 


(sreen 


bicolor 
stable 
in bicolor 
fruited plant, i.e 
over 200 uniformly green fruits, 
in some spotted 
Furthermore, it is through selection of 
with a larger and larger yellow 
can develop near-yellow races 
fruit pattern was found to be controlled by B 
No direct evidence is available on the genetic 


selfing a green 


individuals in the offspring 
Iruits 
area that one 


whose color 


relationship between these near-yellows and 
other bicolor However, it is not un 
likely that an unstable alleles is in 
volved in which B appears to be the least un 
a given period in ontogeny, 


acts earlier in ontogeny than 


races 
series of 


stable member, at 
and one which 


TABLE IV Variation among fruits borne on indi- 
vidual plants of different bicolor genotypes 
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others and exhibits an extreme degree of 
dominance. 

It has been emphasized that the most dis- 
tinguishing feature of all bicolor races is pre- 
cocious differentiation, a change in the time 
element. McClintock® has viewed variega 
tion as “an example of the usual process of 
differentiation that takes place at an abnormal 
time in development.” The bicolor fruit pat- 
tern is certainly a type of variegation, al- 
though, in the gourds, the nature and mode of 
operation of the time-controlling factor is not 
known. Nevertheless, the main difference be- 
tween normal varieties and mutant races is 
quite clear in all cases. In the presence of 
normal stable b, yellow pigmentation takes 
place sometime between anthesis and fruit 
ripening but never at early bud stages. In the 
presence of B (and unstable alleles of B?) 
chlorophyll decomposition and yellow  pig- 
mentation occur extremely early in ontogeny, 
long before anthesis. Thus, the action of B 
(and its unstable alleles?) is limited to pre- 
anthesis stages. Another interesting feature of 
the mutant color pattern is that flows of a 
diffusible substance seem to precede chloro 
phy!! decomposition and yellow pigmentation 
(Figures 6, 7 and 98), The centers of these 
flows appear to be on the upper portion of the 
fruit. In this connection, it should be noted 
that whereas the peduncle of a near-yellow 
fruit is often completely yellow, the apical area 
of the fruit is usually green 

The bicolor fruit pattern is regarded here 
as a case of variegation, and in many stocks 
this variegation is associated with nuclear 
instability, According to our tentative hy 
pothesis, nuclear instability brings about the 
precocious breakdown of chlorophylls and this, 
in turn, sets the background for wide pheno 
typic fluctations. The range of these fluctua 
tions depends upon the B alleles present, the 
pigment-controlling genotype, and internal non 
hereditary variations. Thus, the prerequisite 
for fruit color variegation in the gourds is 
precocious differentiation, and not necessarily 
constant nuclear instability. 

We have seen that certain heterozygotes 
provide a particularly favorable background 
for fruit color variegation. It is perhaps sig- 
nificant that the heterozygote, Near-Yellow 
Pear &* Green Pear, which exhibits the widest 
range of variegation, was obtained from a 
cross between a precocious yellow inbred and 
a non-yellow low pigment-producing parent. It 
is assumed that precocious breakdown of chlo- 
rophylls creates a critical situation and that 
gene balance is especially delicate in the pres- 
ence of a low pigment-accumulating genotype. 
This results in a violent response to internal 
non-hereditary variations, 

Fruit shape can modify the bicolor pattern 
indirectly through its affect upon the course 
of the diffusible substance. It is known that 
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PRECOCIOUS DIFFERENTIATION 
Figure 9 

A—A bicolor fruit of the genotype ww 2 
yyl"'l'* (left) is compared with that of ww 2 
yyll (right). B—Precocious differentiation of 
the yellow color is the most distinguishing 
feature of bicolor fruits; it provides the back 
ground for extreme phenotypic fluctuations 
In bicolor stocks, the yellow pigmentation is 
preceded apparently by flows of a diffusable 
substance coming from gradient centers lo 
cated on the distal portion of the fruit surface 
Figures 6-8). This substance is 
with precocious breakdown of 


(see also 
associated 


chlorophyll. 


“ringed” gourds are limited to Bicolor Spoon 
varieties with long handies (Figure 7). How 
are these ‘ringed’ gourds produced? If the 
diffusible substance happens to spread from 
two opposite centers on the handle, one center 
close to the stem end, and the other in the 
region where the handle begins to broaden, it 
is possible that the substance coming from 
each center will spread around the handle in 
the vicinity of the center but that the two 
flows will not meet. This may result in two 
yellow-pigmented areas which are separated 
by a green ring. On a spherical fruit, under 
similar circumstances, one would expect to find 
two large yellow spots instead of a ring. De- 
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A GENE FOR PIGMENT ACCUMULA- 
TION AND DISTRIBUTION 
Figure 10 
Allele / is associated with light 
tion (top, left fruit); allele /*' is 
with restriction of heavy pigmentation along 
alternate stripes (top, right fruit) ; allele L is 


associated with pigmentation 


pigmenta 
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uniform heavy 


gardeners, 
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Origin of the Bico'or Gourds 

Che bicolor gourds belong to Cucurbita pepo 
var omfera, Alef, Erwint suggested that these 
forms originated Cucurbita tea 
ana Bailey? was that 
but preferred to keep the two things separate 
in nomenclature 

Seed samples of Cucurbita texana were ob 
Professor B. C. Tharp and Dr 

Through inbreeding, a number 
of races were isolated and were 
pared with the ovifera forms. The results of 
this comparative study have led us to the con 


ovifera Irom 


Giray also of opini 
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H. B. Parks 


these com 


lusion that some ovifera races, such as Green 
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plant produced a variable offspring some of 


which bore distinct bicolor fruits. In spite of 
our extreme care in self pollination, it cannot 
he entirely excluded that this individual re 
sulted from fertilization by stray pollen in the 
previous year. There is little doubt, however, 
that once a spotted mutant is found in a given 
variety and instability sets in, one can dupli 
in the course of several generations, the 
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Summary 


In the standard monocolor-fruited varieties 
of Cucurbita pepo L., yellow pigmentation de- 
velops after anthesis, while in the bicolor orna- 
mental gourds of this species, yellow coloring 
is visible in early bud stages, long before 
anthesis. 

The surface of a bicolor gourd consists of 
green and yellow areas which vary greatly in 
their relative size among fruits borne on the 
same plant. The earlier the color differentia- 
tion occurs in ontogeny the larger is the yel- 
low area. In these gourds, yellow pigmenta- 
tion often appears to follow gradient flows 
which originate in centers located on the upper 
surface of the fruit. 

The bicolor races are usually unstable gene- 
tically and the mutation involved is reversible. 
Through inbreeding, followed by selection of 
fruits with a larger and larger yellow area, it 
is possible to establish stable precociously 
yellow races whose fruit color is determined 
by a dominant gene B. Gene B is independent 
of the pigment controlling factors: W, Y 
and L. 

The fruit surface of the homozygote BB 
is almost uniformly yellow, the green color 
being confined to a small area around the 
apical-end, or completely absent. The fruits 
of the heterozygote Bb may be either pre- 
cociously yellow as the dominant homozygote 
or extremely variable depending on the rest of 
the genotype. 

The bicolor pattern is regarded as a case 
of variegation, According to our hypothesis, 
nuclear instability brings about precocious 
breakdown of chlorophylls the role of B or 
its unstable alleles and this sets the back- 
ground for phenotypic fluctuations the extent 
of which depends on the pigment-controlling 


genotype and non-hereditary variations. The 
prerequisite for color vareigation in the gourds 
is precocious differentiation and not necessarily 
constant nuclear instability. 

It is postulated that the bicolor ornamental 
gourds have evolved in cultivation during the 
past 150 to 300 years and that the source of 
instability was a rare mutation in C. texana, 
Gray, a wild race of C. pepo L. 
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EPISTASIS AND HYPOSTASIS 


W. F. HoLtitanper* 


RACING the semantic evolution of a tech 

nical term can be both enlightening and 
amusing, if not fatiguing. The present effort 
is perhaps not exhaustive, but it is apparent 
that certain missing links are more difficult 
to find as verbal fossils in the literary strata 
than they should be. Nevertheless, the gen- 
eral evolutionary tree seems revealed even to 
the most recent buds. 

In the beginning there was the word, and 
the word was Greek, designating “scum” (epi 
<= upon, stasis = resting). Its antonym was 
hypostasis, meaning “sediment” or “support.” 


The first geneticist to rescue the terms from 
their foul connotations was William Bateson 
(Science 26:653; 1907). He applied them to 
a particular type of interaction between non- 
allelomorphs, which could be arranged in a 
sort of cumulative series. An example is the 
form of the comb in fowls: combless, single 
comb, rose comb, and walnut comb. A cross 
of any two adjacent types in the series gives 
F, resembling the right-hand parent, and a 
3:1 segregation in the Fs. Bateson thought 
it incorrect to use the term dominant or re 
cessive in all these relations; he therefore pro 
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posed that epistatic and hypostatic be used in 
their stead, except for the lowest members of 
the series. Thus, single is dominant to comb- 
less, rose epistatic to single, and walnut epi- 
Static to rose 

To realize the implications of Bateson’s 
proposal, it is essential that we take into ac- 
count certain other developments of those 
early years. Bateson had become a forceful 
proponent of the “presence-and-absence” hy 
pothesis, which for some time almost achieved 
the status of a scientific dogma. By this hy 
pothesis, recessive characters were the result 
not of genetic factors but rather of their ab 
sence. Thus the presence of a factor accounted 
for dominance. Accordingly, walnut comb is 
the combined effect of three different factors 
overlying each other, rose of only two, single 
just one, and combless none at all. The more 
factors, the higher the character would be in 
the epistatic series. 

This “piling on” concept of epistasis was 
typical of Bateson’s urge to get at the physi 
ology of heredity. An epistatic character was 
not necessarily heterozygous, nor a hypostatic 
one necessarily homozygous. The whole idea 
had nothing to do directly with ratios, and 
modified Fy, ratios were an entirely separate 
phenomenon. Ratios such as 9:3 :4 and 9:7 
were well known to him and other experi- 
mental breeders of the time and were consid 
ered the consequence of “complementary fac 
tors.” The “latency” of certain factors (though 
present) would occur if certain other (com- 
plementary) factors were absent. The phe- 
nomenon had been termed “Kryptomerie” 
(cryptomerism) earlier by Tschermak; Bate 
son objected to it (1913, “Mendel’s Principles 
of Heredity,” p. 93) as too likely to be con 
fused with terminology of meristic variation; 
latency was a preferable term to him. At any 
rate, epistasis in his mind had no connection 
with it. 

Although the terms epistatic and hypostatic 
were adopted by a number of workers and 
used in journal papers, text-books of the time 
avoided them, Examples are W. FE. Castle’s 
“Heredity,” 1911, and “Genetics and Eugen 
ics,” 1920; E. M. East’s “Heredity and Eu- 
genics,” 1912; A. D. Darbishire’s “Breeding 
and the Mendelian Discovery,” 1913; and even 
books by Bateson’s close colleague, R Cc Pun- 
nett, “Mendelism,” 1907, and later, “Heredity 
in Poultry,” 1923. As the “presence-and 
absence” hypothesis broke down, under the 
impact of multiple alleles and Drosophila re 
search, Bateson’s ingenious concept fell into 
disuse 

But in times of crisis evolution rests on mu 
tations, and it happened that a definitional 
mutant was available. It had appeared tucked 
away ina paper on “latency,” of all things, by 
G. H. Shull (1908, Amer. Nat. 42:443) 
Among the several genetic situations listed by 
Shull as responsible for latency, he included 
an F, ratio of 12:3:1 and modifications of 


‘ 
¥ 
’ 


, 


it, which he attributed to the action of a 
dominant inhibiting factor. Therefore he 
termed this case “latency due to hypostasis 
This probably seemed a minor mutation of 
Bateson’s definition; Shull was at that time 
also a staunch supporter of the presence-and 
absence idea, so that a further invasion of the 
domain of latency was unthinkable. But this 
little bud-sport proved to have superior sur 
vival value. It was adopted by W. Johann 
sen (1913, “Elemente der exakten Erblich 
keitslehre,” second ed.), who incidentally sug 
gested that not only cryptomérism but also 
latency might be outmoded terms with in 
creased understanding of factor action. H. F 
Ziegler (1918, “Die Vererbungslehre in det 
Biologie und in der Soziologie,” part 10 of 
“Natur and Staat”), and Erwin Baur (1919, 
“Einfuhrung in die experimentelle Verer 
bungslehre”’) also perpetuate Shull’s mutant, 
the favorite example in these German works 
being Nilsson-Ihle’s cross of black-huiled 
white-hulled oats, giving in the Fy, 12 black 
3 brown : 1 white. 

In the following commentary it is necessary 

to restrict references chiefly to text-books as 
signs of the times, though much periodical 
material has been sifted also. In the U. S., 
the terms epistasis and hypostasis were kept 
alive chiefly by Sinnott and Dunn (1925 
“Principles of Genetics”) and by M. F. Guyer 
(1927, “Being Well-born”) during the “roar 
ing twenties.” They used as examples only 
dominant “inhibitors” such as dominant white 
in chickens and in squash color. But most 
other texts of the time do not even mention 
the terms: Morgan, Sturtevant, Muller, and 
Bridges (1923, “The Mechanism of Mendelian 
Heredity); M. C. Coulter (¢ 1923, “Outline 
of Genetics”); H. FE. Walter (1922, “Genet 
ics’); D. F. Jones (1925, “Genetics in Plant 
and Animal Improvement”) ; H. H. Newman 
(1925, “Evolution, Genetics, and Eugenics” 
L. M. Winters (1925, “Animal Breeding”) 
A. F. Shull (1926, “Heredity”) ; Babcock and 
Clausen (1927, “Genetics in Relation to Agri 
culture”) ; and E. Altenburg (1928, “How We 
Inherit” ) 

Meanwhile an important secondary muta 
tion occurred. F. A. E. Crew (1925, “Animal 
Genetics,” p. 140), breaking completely from 
the shackles of the presence and-absence idea, 
pointed out that recessive white is as readily 
considered an inhibitor as is dominant white 
and therefore may be said to be epistatic to 
other colors. Not only the 12:3 :1 but also 
the 9:3: 4 were now stolen from the province 
of latency. Others were slow to adopt this 
innovation, but we find it used by L. Plate 
(1932, “Vererbungslehre,” vol. 1, p. 704), and 
by C. H. Waddington (1939, “An Introduc 
tion to Modern Genetics” ) In 1940 | H 
Snyder (“Principles of Heredity,” second ed.) 
pushed the idea to its logical conclusion, that 
is, completely taking over all sorts of latency 
categorized epistasis 


Snyder furthermore 
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epistasis,” “recessive epistasis,” 
“dominant and recessive,” “duplicate domi- 
nant,” etc., according to which factors exert 
the masking action. 

Snyder’s procedure has been adopted by sev- 
eral of the more recent text-book authors: 
H. P. Riley (1948, “Introduction to Genetics 
and Cytogenetics”) ; A. M. Winchester (1951, 
“Genetics’”); J. F. Crow (1951, “Genetics 
Notes”); A. M. Srb and R. D. Owen (1952, 
“General Genetics’); and W. Hovanitz 
(1953, “Textbook of Genetics’). But the 
terms are not mentioned or else still limited 
to dominant inhibitors in mest other texts of 
the past 15 years: A. H. Sturtevant and G. W. 
Jeadle (1939, “An Introduction to Genetics”’) ; 
EK, G. White (1940, “Principles of Genetics”) ; 
H. E. Walter (1942, “Genetics,” fourth ed.) ; 
H. K. Hayes and F. R. Immer (1942, “Meth- 
ods of Plant Breeding’); L. M. Winters 
(1942, “An Introduction to Breeding Farm 
Animals”); E. Altenburg (1945, “Genetics”) ; 
E. C. Colin (1946, “Elements of Genetics,” 
second ed,); A, F. Shull (1948, “Heredity,” 
fourth ed.) ; E, Guyénot (1948, “L’Hérédité,” 
fourth ed.) ; Sinnott, Dunn, and Dobzhansky 
(1950, “Principles of Genetics,” fourth ed.) ; 
L. C. Dunn (1951, “Genetics in the 20th Cen- 
tury”); J. S. D. Bacon (1951, “The Science 
of Heredity”) ; H. Kalmus and L. M, Crump 
(1952, “Genetics”); R. Goldschmidt (1952, 
“Understanding Heredity”). It is also inter- 
esting to find that R. L. Knight in his 1948 
“Dictionary of Genetics” gives a definition for 
epistasis which goes straight back to Bateson 

reverse evolution. He also retains the terms 
cryptomerism and latent, with no hint of their 
obsolescence. Two additional examples of ata- 
vistic regression to Batesonian usage in very 
recent years may be mentioned: F. B. Hutt 
(1949, “Genetics of the Fowl,” p. 88), and E. 
Kimball (1953, Poultry Science 32:690). 

We have thus arrived at the rather fraz 
zled end of this major line in the evolutionary 
progression, if it may be so considered, But 
the story is far from ended; for another po- 
tent twig sprouted from the stem in 1918. At 
any rate, | must assume that R. A. Fisher, 
the originator, was not ignorant of the words 
of such contemporary giants as Bateson and 
Shull. However, the fossil record is not clear 
on this crucial point, and the possibility re- 
mains that the twig had a parasitic origin, 
like a strangler fig, or that it arose de novo, 
by spontaneous generation. But I prefer to 
consider Fisher's innovation a mutation—or 
macromutation (= “hopeful monster” in Gold 
schmidt’s classification). 

Not only Fisher's definition deviate, 
but also the nominal spelling: “epistacy.” (The 
spelling “epistasy” and “hypostasy” did not 
occur until later in the other evolutionary line, 
and then only as temporary variation: per- 
haps a case of Dauermodifications; see Lind- 
1935, Genetics 20:9, Lawrence, 1940, 
Rev. 15:54, Darlington and Mather, 
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1950, “The Elements of Genetics,” glossary.) 
Fisher defined “epistacy” as a “statistical 
feature” arising from interrelations non 
allelic factors. There is a hint of the presence 
absence idea in his phraseology: “The combi- 
nation of two Mendelian factors gives rise to 
nine distinct phases...” That is, one factor’s 
phases (genotypes) AA, Aa, and aa, combine 
with another’s BB, Bb, and bb, to give nine 
combination phases (genotypes); epistacy is 
then said to exist if any of the resulting 
phenotypes show “deviations from linearity.” 
Deviations may be positive or negative, so that 
hypostasis has no place in this terminology 
Instead there is “dual epistacy,’ mutual in 
teraction of the phases. Since it is impossible 
to do justice to Fisher’s elaboration of epi 
static deviations here, the reader is referred 
to the original: Trans. Koy. Soc. Edinburgh 
52 (part 2): 399-433. 

In 1930 (“The Genetical Theory of Natural 
Selection,” p. 54) Fisher discussed epistasis of 
the dominant inhibitor sort, and also comple 
mentary factors and duplicate factors, but not 
a word about epistatic deviations and asso 
ciated mathematical miasmata. Perhaps he 
had concluded that his brash flouting of the 
Genetical Greats was a failure—no one had 
deigned to notice it. But in spite of its origin 
in that swampy area of Genetics, his 1918 
idea survived and eventually found a place in 
the sun. Sewall Wright (1935, Jour. Genetics 
30:243) championed it; but by convergent 
evolution, the spelling became epistasis again, 
without comment. 

An excerpt from Wright’s paper will give 
added flavor to this review: “The analysis of 
variability in fitness into components due to 
additive [i.e., linear] gene effects, dominance, 
and epistasis, and the determination of the 
correlations to be expected between relatives, 
are questions of considerable importance in 
statistical genetics. In the present paper 
it is assumed that the grade of a ‘primary’ 
character is determined by a number of in 
dependent pairs of genes whose effects com 
bine additively (no epistasis) [i.e., linearity 
exists]. The epistatic deviation in the 
combined effects of two gene pairs may be 
found by subtracting the deviations from the 
mean due to each separately, from the devia- 
tions due to the combination.” 

Another powerful ally, J. L. Lush, soon en 
tered the arena (1937, “Animal Breeding 
Plans”). Although Lush wholeheartedly fol 
lowed Fisher and Wright, he did admit that 
epistasis in this sense is “broader” than Bate 
son’s. Later editions (1943, 1945) also fail 
to indicate any recognition of the use of the 
term by Crew, Sinnott and Dunn, and Snyder 

The final flowering of this branch of the 
evolutionary tree (or strangler fig) is to be 
found in the recent symposium on “Hetero 
sis” (1952, J. W. Gowen, ed.). At least eight 
of the contributors employ the term epistasis 
in the Fisherian sense (two go so far as to 
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spell it “epistacy’—atavism again). Prac 
tically all of the use of the term is in purely 
theoretical discussion which adds nothing new. 

It is noteworthy that K. Mather (1949, 
“Biometrical Genetics’) consistently avoided 
using the term epistasis in Fisher’s sense, al- 
though Fisher is his mentor. In situations 
where Lush and the “heterosis school” would 
speak of “epistatic deviations,” Mather used 
the innocuous phrase “effects of interactions,” 
or the like. Again, in Darlington and Mather 
(1950, “The Elements of Genetics”), epistasis 
(epistasy) is defined as “non-reciprocal condi- 
tioning” —a far cry from “dual epistacy.” Ap 
parently Mather recognized the etymological 
jungle that Fisher had created and refused to 
enter. On the other hand, it is interesting that 
he avoids all controversy by criticizing no 
one, 

Having thus traced apparently all the evo 
lution and pointed out the schisms, the re- 
viewer is impelled.to put in a contribution of 
his own. All the above applications of the 
terms epistasis and hypostasis have agreed on 
one fundamental idea: that interaction of non 
allelic genes is involved. In both major evo- 
lutionary branches, the tendency has been to 
broaden the inclusiveness of the term. This 
may reflect a sub-conscious realization that 
all gene interaction is a matter of cell physi- 
ology, but it does not clarify that physiology. 

Clarification of the physiology of gene in 
teraction is dependent on clear identification 
of the genes which are involved. As I have 
pointed out earlier (1953, Jour. Heredity 44: 
212), clear identifications of genes are best 
obtained by the methods employed with Droso- 
phila, notably the primary division of wild 
type versus mutant. Probably the most lucid 
studies of gene action and interaction have 
focussed attention on the effects of mutants, 
individually and in combinations. Examples 
are the many papers on eye pigments in 
Drosophila, the biochemical studies with 
Veurospora, and morphological effects (Wad- 
dington, 1953, Jour. Genetics 51:243; Waletz- 
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ky, 1939, Genetics 24:8). Interaction phe 
nomena in such studies are limited, for sanity’s 
sake, to combinations of mutants 

If the latter method is to be used, the defi 
nition of epistasis can be usefully limited to a 
particular interaction effect: the masking of 
the phenotype of a mutant or non-standard 
gene by that of another, not an allele. The 
could well be extended to include 
phenotypic effects of chromosomal anomalies 
as well as mutant when masking ef 
produc ed. 

(1949, “Biometrical Genetics’) is 
convinced that for polygenes (multiple fac 
tors) individual identification is 
he tries to draw a division line between such 
genes and “major genes.” Such a division 
may not be as useful as that between standard 
and mutant, but at least it can serve to keep 
the known better separated from the unknown 


concept 


genes, 
fects are 


Mather 


impossible : 


The future of the terms epistasis and hypo 
stasis seems almost certainly to be associated 
with major spite of the present 
luxuriant strangler fig. But prediction is use 
less; perhaps, like Brontosaurus and 7 yranno 
saurus, they have evolved merely toward ex 
tinction. Perhaps the Committee on Termi- 
nology for the International senetics Asso 
ciation will quietly pronunciamento : 
“It is hereby decreed that the words epistasis 
and hypostasis shall no longer be employed 
for any except historical purposes and shall be 
term ‘interaction’ qualified by 


genes, in 


issue a 


replaced by the 
other suitable adjectives 

But, of course that is not the. way matters 
of terminology are decided in the free science 
of Genetics. Words originate and their mean 
ings mutate and evalve subject to mass selec 
tion. The phenomenon is ruled by the laws 
(unwritten) of bell-wethering, largely through 
the “blanket effect” (of text-books) Glos 
saries are compiled by experts of every kind 
And is that not fortu 
abundant production of 


except lexicography 
nate for the more 
fossils? 





SEX CHROMOSOMES AND NATURAL 
POLYPLOIDY IN DIOECIOUS RUMEX 


SEN W. SmItTH* 


HORTLY after Bridges discovered 

the X/A balance system of sex de- 

termination in Drosophila, Muller® 
suggested that the presence of this mech- 
anism could provide an explanation for 
the rarity of polyploidy in animals. 
White!® has recently restated this prin- 
ciple, while indicating that it does not 
apply in cases of X/Y sex determination 
as demonstrated by Warmke'? and 
Westergaard'® in Melandrium. Ono? 


and Yamamoto! provided extensive and 
convineing cytogenetic evidence that sex 


determination in the dioecious angio- 
sperm, Rumex acetosa IL. is of the X/A 
Drosophila type. Kihara and Ono‘ first 
described the sex chromosomes of this 
species. Female plants have 2n 14: 
six pairs of autosomes and two X chro- 
mosomes. Male platits have 15 somatic 
chromosomes: six pairs of autosomes, 
one X, and two Y chromosomes, It was 
with surprise that we’ found in dioe- 
cious Rumex hastatulus Baldw. of the 
Acetosa group, only three pairs of auto- 
somes plus the usual X Y; Y2z complement 
of sex chromosomes. Although the chro- 
mosome numbers of the two species are 
not in euploid relationship, the evidence 
suggests that stable polyploid forms have 
arisen in dioecious Rumex without loss 
of the bisexual breeding system. 

After the discovery of the tripartite 
sex-chromosome complex (Y;XY2) in 
R. acetosa, a similar sex-chromosome 
mechanism was found in seven! other 
dioecious species and forms of the sub- 
genus Acetosa which occur in Eurasia. 
All of these have been reported with 
the same chromosome numbers : females, 
2n 14; males, 2n 15. At meiosis 
in pollen-mother-cells, the two Y chro- 
mosomes pair respectively with the two 


distal segments of the X chromosome. 
The chain trivalent thus formed regular- 
ly assumes a U-shape at metaphase I and 
disjoins so that the X chromosome pro- 
ceeds to one pole, the two Y’s to the 
other. The chromosome complements of 
the microspores and of the male gametes 
which result are of two kinds: A + X, 
female-determining; A + Y,Yo, male- 
determining. Darlington* has described 
mechanisms by which such “fragmenta- 
tion” Y chromosomes may have arisen, 

A number of distinct karyotypes of 
R. acetosa as well as occasional polyploid 
individuals have been found in Japan. 
This material was used to develop the 
evidence necessary for an interpretation 
of the mechanism of sex determination, 
In an extensive series of. polyploid plants 
Ono’ and Yamamoto!’ have shown that 
the Drosophila type of X/A genic bal- 
ance operates, for a ratio of X to two 
autosome sets results in the development 
of a male individual; XX to two auto- 
some sets determines the expression of 
femaleness. Analysis of aneuploids in 
which the reduplicated chromosomes 
could be identified enabled Yamamoto 
to demonstrate that two of the auto- 
somes, de* and as had a net female-pro- 
moting effect, while a,, a4, and ag had a 
net male-promoting effect in sex deter 
mination, Rarely, unexpected intersexes 
have occurred even among plants with 
apparently normal, diploid chromosome 
complements. Takenaka! has suggested 
that such plants arise as the result of 
the reassortment of the autosomal sex 
determining factors following spontane- 
ous translocation. 


Observations 


Rumex hastatulus Baldw. is the only 
Rumex of the Acetosa group known to 


*Contribution from the Genetics Faculty, North Carolina Agricultural Experiment Station, 
Published with the approval of the Director as Paper 590 of the Journal Series. 
*a denotes an individual autosome; A is a complete haploid set of autosomes. 
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RUMEX HASTATULUS BALDW. 


Figure 11 


A—Male plant. B-—Portion of a male 
with developing fruits (right). C 


be native to Eastern North America.® It 


iS dioecious. 


have found no evidence of departure 
from. strict i 
the respective sexes (Figure 11). The 
typical tripartite sex-chromosome com- 


maleness or femaleness in 


plex is present in the males, consisting 


of an X and two Y chromosomes as in 
R. acetosa. 'n contrast to all previously 
investigated forms of the genus, how- 
ever, there are only three pairs of auto- 
somes in Kumex hastatulus 

Female plants have a diploid comple- 
ment of eight chromosomes (Figure 
124), males 
(Figure 12B). 
permits identification of each chromo- 
some in mitotic figures of the eight 
chromosome female complement (Figure 
124A). The two long chromosomes at the 
left of the plate are the X chromosomes. 
In favorable plates it is obvious that the 
centromere is slightly submedian in the 


have nine chromosomes 


Study of the karyotype 


inflorescence 


In the inflorescences of the 
several hundred plants examined, we 


(left) and of a female inflorescence 


Female plant. 


X. The two long chromosomes with sub 
median centromeres at the top and bot 
tom of Figure 12/4 respectively, are a 
pair of autosomes. Also the 
mosomes of intermediate length and the 
two satellited 
somes are autosome pairs 

In the male complement (Figure 127 ), 
the single X occurs at the top of the 
igure. 
somes with submedian centromeres and 
three 
length with submedian centromeres and 
an arm ratio of approximately 2:1, In 
each of these groups there is one Y chro 
mosome and a pair of autosomes. Al 
though the Y differ in 
length (Figure 12C-/:), it has not yet 
been possible to distinguish the individ 
ual Y chromosomes from the two auto- 
somes of similar morphology at mitosis. 
In Figure 128 the short, satellited pair 
of autosomes is easily recognized. 

In late meiotic prophase in pollen 


two chro 


relatively short, chromo 


There are three long chromo 


chromosomes of intermediate 


( hromosomes 
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THE CHROMOSOMES OF RUMEX HASTATULUS 


Figure 12 


A-—Female diploid complement, 2A + 2X. B—Male diploid complement, 2A + XY: Y2 
! and #8 from root tip sections, crystal violet (2700). C—Diakinesis, Y-X-Y trivalent and 
three autosome pairs. [)—Metaphase I, sex-chromosome trivalent at left, largest autosomal 
pair with its localized interstitial chiasma at right. E—Metaphase II, n = 4 and n = 5. Large 


X-chromatids at left of lower chromosome plate. 
FE from aceto-carmine squashes of PMC’s (2700). 


plate. ( 


mother-cells, the sex chromosomes are 
associated characteristically in a chain 
trivalent with two terminalized chiasmata 
(Figure 12C). The three autosome pairs 
are distinct. The largest pair of auto- 
somes usually exhibits a single localized 
chiasma which is not terminalized until 
metaphase (Figure 12D). By metaphase 
[, the Y-X-Y trivalent has assumed its 
characteristic U-shape. In all observed 
cases from a number of plants, the tri- 
valents disjoined in such a way that the 
X chromosome proceeded to one pole 
and the two Y chromosomes to the other. 

At metaphase IT (Figure 12F) the two 


Two Y-chromatid pairs to left of upper 


nuclei differ in chromosome number, one 
having n = 4 (3a + X), the other with 
n 5 (3a + Y,1Ye). Therefore the 
species has two » numbers, n = 4 being 
the number present in the female and 
half of the male gametophytes ; n = 5 is 
present in the other half of the male 
gametophytes. 

The somatic chromosome numbers, 8 
and 9, have been confirmed in at least 
40 plants. Meiosis has been studied in 
the pollen-mother-cells of a much larger 
sample of male individuals. In all cases 
except one, the exper -d m numbers 4 
and 5 were observed. The meiotic ma- 
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Basi 


terial has been collected from several lo 
calities in the North Carolina Coastal 
Plain. The pollen-mother-cells of a single 
inflorescence branch included in a bulk 
field collection contained approximately 
twice the usual number of chromosomes 
\s this observation was made late in the 
season after many of the plants had died, 
it was not possible to locate the plant 
which had produced the polyploid cells. 
It is probable, however, that we shall be 
able to isolate spontaneously occurring 
polyploid forms by a more extensive 
sampling of the natural population. 
Rumex hastatulus occurs in the coastal 
region of Eastern North America from 
Long Island to Texas and extends in- 
land on sandy soils as far west as Mis- 


*The writer wishes to thank Dr. Carl W 


seed of this form in the Yosemite region of the Sierra Nevada on two 


chromosome numbers and sex expression in various subdivisions 


Sharsmith of San Jose, California 


of the genus Kumes 
sourl, but early accounts indicate a much 
more restricted distribution. It was orig 
inally described as a weed of disturbed 
habitats in Florida, Al 
though no wild habitat is known for the 
species, it is considered native to North 
to occur 
extended 


( reorgia and 


(America, for it is not known 
elsewhere. [ven its 
distribution does not coincide with the 
natural range of any other species of the 
subgenus Acetosa; the PR. acetosa of the 
Northeastern United States is natural- 
ized from Europe. 

Two other taxa of the subgenus Ace 
tosa are restricted to North America, 
paucifolius Nutt. of the Rocky Moun 
tains and R. paucifolius var. gracilescens 
Rech.* from the high mountains of Cali 


present 


for collecting 


occasions 
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fornia. Kechinger® reports that poly- 
gamous as well as unisexual plants occur 
in this species. A preliminary examina- 
tion of the chromosomes of var. gracil- 
escens indicated that 2n = 28-30. Love 
and Sarkar (personal communication ) 
have recently determined the number to 
be 28. They are investigating the sex 
chromosome mechanism and its relation 
to the other situations known in Rumew. 
Forms of R. acetosa are also indigenous 
to North America, in the sub-arctic zone 
of Canada and in the Pacific Northwest. 
Their range is distinct from that of the 
European form which has been intro- 
duced in the Northeast. 


Discussion 


In the higher plants and animals, the ge- 
netic potentialities for the expression of the 
characters associated with both maleness and 
femaleness appear to be present in every in- 
dividual. In dioecious organisms, however, the 
characters of one of the two sexes are fully 
expressed in a given individual, while the 
characters of the alternative sex usually fail 
to develop or are rudimentary. Bridges? dem- 
onstrated that sex determination in Drosophila 
melanogaster is controlled by a system of genic 
and chromosomal balance. The factors borne 
in the X chromosome have a net effect which 
promotes the expression of femaleness; a set 
of autosomes (A) has a net effect favoring 
maleness, Individuals with the chromosome 
formula 2A + XX are female; 2A + XY in 
dividuals are male. Sex is now known to be 
inherited by a variety of chromosomal mech 
anisms, but the genic balance concept of 
Bridges has continued to provide the basis for 
most interpretations of sex determination. 

Muller® suggested with regard to Drosophila 
and the dioecious animals in general, that the 
X/A balance mechanism of sex determination 
may act as a deterrent to the establishment 
of stable polyploid races in animals. Tetra- 
ploidy (in itself of infrequent occurrence) of 
the originally heterogametic sex will produce a 
large proportion of XY gametes which com- 
bined with the XX gametes of the tetraploid 
homogametic sex will result in individuals 
with three X chromosomes and four sets of 
autosomes, If the X/A balance is sex-deter 
mining, such individuals with a ratio greater 
than one-half but less than one will be inter- 
sexes. Intersexes in animals are usually ster- 
ile or partially so. In competition with an 
established diploid, dioecious population, such 
polyploids would be at a disadvantage in selec- 
tion, unless polyploidy from its first appear- 
ance conferred very marked advantages. 


of I leredity 


Among dioecious angiosperms, two cases of 
sex determination have received detailed cyto 
genetic analysis. The nature of the evidence 
for the X/A balance system of sex determina 
tion in Rumex acetosa has been mentioned. 
On the other hand in Welandrium, Warmke!2 
and Westergaard!3 discovered independently 
that sex is determined not by the X/A balance, 
but by the balance of female- and male-pro- 
moting factors in the X and Y chromosomes, 
respectively. The autosomes exert relatively 
little effect although Westergaard!4 was able 
to demonstrate the presence of male-promoting 
and female-promoting factors in the auto 
somes by analyzing the aneuploid progenies 
of triploid plants. In euploid individuals the 
presence of the Y chromosome determines the 
expression of maleness; in fact, a single Y 
chromosome is capable of inhibiting the fe- 
male potency of three, or even four X chro 
mosomes, 

Westergaard found as Muller had predicted, 
that in tetraploids with XXYY most of the 
gametes produced were XY following prefer- 
ential pairing of the X’s and Y’s at meiosis 
soth Warmke and Westergaard were able to 
establish dioecious, tetraploid races of Melan- 
drium which were stable. With respect to the 
sex chromosomes, females were XXXX and 
males were XXXY in both of the experimen 
tally produced, tetraploid races. As White! 
has also indicated in discussing the question 
of polyploidy in animals, the X/Y mechanism 
of sex determination is fully compatible with 
the development of dioecious polyploid forms 
which continue to be heterogametic with the 
Y chromosome determining maleness. Sachs® 
demonstrated that polyploid chromosome num- 
bers do occur in mammals; the golden hamster 
is tetraploid (2n 44) when compared with 
two other species (2n 22). White!® does 
not consider the evidence for polyploid origin 
of the golden hamster to be critical. 

Léve5 found that the chromosome numbers 
of the dioecious Rumex species of the sub- 
genus Acetosella form a natural polyploid 
series with the 2n numbers 14, 28, 42, and 56. 
Although the number of X chromosomes has 
heen increased proportionately at the tetra- 
ploid, hexaploid, and octoploid levels in these 
forms, only a single Y chromosome is present 
in each species. Love concluded that sex de- 
termination is of the X/Y Melandrium type 
and that in the autopolyploid evolution of 
these forms, dioecism has been maintained be 
cause they have remained heterogametic. 

Léve has suggested that the presence of the 
X/Y mechanism of sex determination in the 
subgenus Acetosella in contrast to the X/A 
mechanism found in dioecious species of the 
subgenus Acetosa, has arisen frorm the inde 
pendent evolution of dioecism in the two sub- 
genera. He considered the two mechanisms 
as products of diverging evolutionary trends. 
On the other hand, Westergaard!4 has sug 
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gested the hypothesis that the X/Y mechanism 
of Melandrium may be a relatively primitive 
stage in sex determination which can be sup 
planted by the more advanced X/A type found 
in Drosophila. 

The data reported in the 
not resolve these theoretical questions, but the 
existence of Rumex hastatulus with the hap 
loid numbers, n 4 and n 5 provides: (1) 
regarding the evolution 
Rumex, and (2) material’ for 
determining mec} 


present paper do 


evidence cytogenetic 
of the 
evaluating the role of sex 


in the evolution of polyploid dioecious 


genus 


anisms 
lorms 

The reported 
(from Love, and unpublished data) of some 
of the major subdivisions of Kumex are com 
pared with the chromosome situation found in 
R. hastatulus in Figure 13 
the lowest chromosome numbers known in the 
I forms representing 


basic chromosome numbers 


This species has 
genus In the absence of 
intermediate stages in the process, it is difficult 
to conceive of Kk. hastatulus as derived from Kk 
acetosa by reductions in chromosome number 
such as those known to occurred in 
Crepis. Although dioecism in the angiosperms 
has been considered as derived from hermaph 
roditism (Allen!), in Rumex, dioecism is found 
in a species which because of its low chromo 


have 


some number may represent a primitive type 
Hermaphroditic forms with n = 4 or n = 5 are 
not known, but may have existed in the genus 
On the other hand, it seems likely that 
of the hermaphroditic particularly in 
Icetosa, are derived from dioecious forms 
The geographic isolation of Rumex hasta 
tulus from the other members of its subgenus 
suggests that the species is a very old one. It 
is also significant that in vegetative morphol 
hastatulus resembles FP. acetosella. In 
differences in chromosome and 
plant morphology which separate the major 
taxonomic groups of Kumex, it is unlikely 
that Fv. hastatulus actually represents the an 
cestral type of the entire genus, It appears 
reasonable to postulate as a working hypothe 
that one of its n chromosome 
numbers represent the ancestral 
number, It is suggestive that the numbers 8, 
9, and 10 found in Lapathum and Acetosa are 
all derivable from n 4, 5 by polyploidy 
The mechanism of sex determination in 
R. hastatulus is not known, but its sex chro 
mosomes closely resemble those of the other 
dioecious Acetosae in morphology and behay 
ior. It is probable that FP. acetosa and the 
related with the 
numbers 
been derived from a form like FR 
polyploidy. The net result of 
doubling has been the development of species 
which have twice the original number of auto 
a single set of three sev 


sOTnie 


spec ies, 


ogy Fe 
view of the 


sis, however, 


does basic 


chromosome 
complex have 
hastatulus by 
chromosome 


species same 


and sex-chromosome 


some pairs but only 
chromosomes 


The original occurrence of tetraploidy must 
have been followed by the elimination of one 
group of X and Y chromosomes. Hypoploid 
chromosome numbers are not unusual in ad 
derived from autopoly 
found a number of Me 


vanced generations 

ploids. (Warmke!* 

landrium plants which were hypoploid 

the y lacked one or sex chromosomes. ) 

This would permit 

chromosome numbers 2n 14 (l2a + 2X) 
(12a + XYY), but would not 


and 2n 15 
for the necessary adjustments in bal 


because 
more 
the establishment of the 


account 


ance between the autosomes and the sex 
chromosomes. In the Drosophila system of 


X/A halance 4A + 4X individuals are 
but 4A + 2X individuals are 


ploidy followe« by 


temal 
letra 
elimination of one set of 
postulated Kumex 


male 


sex chromosomes in the 
case would result in a race of tetraploid males 
if the diploid form were of the X/A type 
Until we obtained, from experiments 
progress, critical evidence regarding 
determination in Kumes 


have 
now in 
the nature of sex 
hastatulus and have 
its chromosomes in 
and in hybrids 
species, the role of polyploidy in the 
satisfactorily explained 


studied the behavior of 


experimental polyploids 


with the 14, 15 chromosome 
origin of 
Rk. acetosa cannot be 
This information is also required tor an evalu 
ation of possible relationships between Kv. has 
of the Acetosella group 
num 


tatulus and 
It is 
ber of 
var. gracilescens that polyploidy 


species 
already evident, however, from the 


chromosomes found in Kk. paucifolius 


compatible 


with dioecism in the Acelosae. 


Summary 
Rumex hastatulus Baldw a dioecious sp 


a trivalent sex-chromosome complex 


cies with 
and only three pairs of autosome 
Male plants are heterogametic 
t XY:Y2; female 
2n 2A + 2X 
Dioecious Kumea 
autosome pairs plus XX, or 


2 2A 


plants are homogametic, 


ind related forms 
XYiY 


' 
doubling with 


acetosa 


with six 
may have arisen by chromosome 
the subsequent loss of one set of sex chro 
mosomes 

The haploid numbers, n 
tatulus are lower than 
Rumex and their discovery 
evaluation of relationship 


4,5 of R. has 
any others known in 
nece itate a re 
cytogenetic within 
the genus. 

The mechanisms of sex determination in the 


genus Rumex have an important bearing upon 
current hypotheses concerning the occurrence 


of polyploidy in animals 
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FREGO BRACT, A GENETIC MARKER IN UPLAND COTTON 


Joun M. Green* 


HE search for sufficient genetic markers to 

map the 26 chromosomes of upland cotton 
(Gossypium hirsutum L.) is continuing. This 
report describes a useful marker. 

Seed of a mutant type of upland cotton de- 
signated as “frego”’ was sent to the U. S. 
Cotton Field Station at Stoneville, Mississippi, 
in 1945 by Mr. Keith J. Bilbrey of Blytheville, 
Arkansas, The bractlets of this cotton are ab- 
normally long and slender (see Figure 14), 
and they curl back away from the open boll 
when dry. The long narrow shape is character 
istic throughout the period of blooming and 
boll development. Frego plants can be identi- 
fied by their leaf growth before squares are 
formed, The veins form unusually acute angles 
and the lamina forms longitudinal folds. 

The frego type is inherited as a simple re- 
cessive. The homozygous dominant and hetero- 
zygote cannot be distinguished and a pheno- 
typic ratio approaching a 3:1 was observed 


FREGO AND NORMAL BRACT 
Figure 14 
Frego bract (left) and normal bract on 
green bolls, These types can be distinguished 
at any stage of boll development. 


in the F, generation. In frego *& Deltatype 

Webber the ratio in the Fs was 784 normal: 

263 frego, a very close fit to a 3:1 ratio (x? 
0.008, P = .90-.95). 


*Formerly Geneticist, Field Crops Research Branch, A.R.S., United States Department 
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Oklahoma A & M College, Stillwater. 


Joint contribution 
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Mississippi Agricultural Experiment Station. 
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Published as Journal Paper No. 492, New Series, of the 
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INTERSPECIFIC HYBRIDIZATION 
IN LESPEDEZA 


CLARENCE H. HANSON AND WILL A. 


HE genus Lespedeza belongs to 
the family Leguminosae, and com- 
prises herbaceous annuals and per- 
ennials, and woody perennials. L. stipu- 
lacea Maxim. and L. striata (Thunb.) 
H. and A. are the only annuals in the 


genus and are widely grown for forage 
in southeastern United States. L. cuneata 
(Dumont) G. Don., at present the most 
promising of the perennial species for 


forage, is a deep-rooted and drought re 
sistant perennial. Low palatability, how- 
ever, appears to have delayed the adop- 
tion of this species as a hay and pasture 
plant. The Lespedezas generally are 
well adapted to most of the Southeast ; 
they produce an abundance of seed and 
are more resistant to diseases than most 
forage legumes, 

The present report concerns crossing 
studies with 13 species of Lespedeza to 
determine the interfertility 
existing between certain of these species. 
This relationship has been examined in 
52 of the possible combinations of species 
in this group, 37 of the combinations in 
volving at least one of the three species 
indicated above as being of agricultural 
importance. Interest in the study rests 
principally on the possible utilization of 
interspecific hybridization in Lespedeza 
improvement. 

The principal breeding objectives in 
the annual species have been increased 
yield and disease resistance. Selection is 
now in progress at several agricultural 
experiment stations to develop perennial 
varieties with lower tannin content. 
Wilkins ef al.® have shown that im- 
proved palatability has resulted from 
selection for lower tannin content, thus 


degree ot 


*Research Agronomist, Field Crops Research 
C. Agr. Exp. Sta.; 
Sta., respectively. Joint contribution from the Field Crops Research Branch, Agi 
and the Agronomy Department, North Carolina 
Experiment Station. Published with the approval of the Director of the North Carolina 


Research Associate Professor, N. 


search Service, U. S. D. A., 


Copr* 


providing tangible evidence relating tan- 
nin content to palatability. Hybridization 
is now employed within species to attain 
breeding objectives, but so far as the 
authors are aware, interspecific hybrid 
ization has not been explored 


Materials and Methods 


The species investigated and the chro- 
mosome numbers which have been re 
ported for the respective speci Ss are 
shown in Table I. The 
the annual species were domestic lots. 
L. repens, I and L. wirginica 
were each indigenous to North America, 
and seed was obtained from plants grow 
ing wild near Raleigh, North Carolina 
The remaining species were introduc 
tions from Asia and were provided by 
the Forage and Range Section, U. S 
Department of Agriculture, Beltsville, 
Maryland. 

With the exception of L. bicolor, each 
of the species was facultatively cleisto 
gamous. The morphology and smallness 
of the flowers limited 
crossing operations to the larger but less 
Iemasculation was 


seed used of 


stuevet, 


cleistogamous 


fertile showy flowers. 
omitted and pollinations were made in 
the bud stage one to two days previous 
to anthesis in a manner described pre 
viously for L. stipulacea*. The axil of 
each bud which had been cross-pollinated 
was examined at five day intervals to 
determine the condition of the bud and 
to remove new buds forming in the axil. 
Pollinations were made in the field dur- 
ing 1951 and 1952, using three or four 
plants of each species Llowever, the 
1952 pollinations did not yield hybrids of 
additional species combinations 
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PARENTAL SPECIES AND F, HYBRIDS 


Figure 15 


) 


1—L.. cuneata; L. latissima L. cuneata; B—L, latissima. C—L. inschanica; D—L. 
cuneata; —-L. hedysaroides. F/—L. hedysaroides * L. inschanica; G—L. hedysaroides * L. 
cuneata; H—-L. cuneata * L. inschanica. Plantings were made in April, 1952. A and B were 
photographed May 1, 1954, C-//7 on May 29, 1953. Later in the growing seasons, differences 
in growth were less marked. The female parent of L. hedysaroides *« L. inschanica was 
received as 1. juncea but later reclassified as L. hedysaroides. 
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The resulting seeds were germinated 
filter paper in Petri trans 
anted to pots in the greenhouse, and 
to the field. The F, and F» pro 
genies were planted in 1952 and 1953, 
\bout 80 Fes seedlings of 
were grown; in each cross, 


dishes, 


respectively, 
each cross 

one-half of the planting was made with 
seeds produced in cleistogamous flowers, 
and the other half from 
showy flowers. The cleistogamous flow- 
ers in this material self-fertilized 
while the showy flowers were mostly 
cross-fertilized.4 Thus, 
to Fy progenies in this paper will be only 
to progenies grown from seed produced 


with seeds 


were 


further reference 


in cleistogamous flowers 

The degree of interfertility of any two 
species was estimated from the propor 
tion of cross-pollinations yielding hybrid 
plants. The fertility of the species hy- 
brids was determined from the percent 
pollen grains of the F, hybrid staining 
in aceto-carmine and the seed set of F, 
and Fy, plants. Vigor and were 
[ one to 10, the latter 
score indicating low vigor and sterility, 
respectively. 

Chromosome 


seed 


each scored from 


made for 
the parent species of successful matings 


counts were 
when this information was lacking or 
appeared conflicting. For’ making chro 


TABLE I. Lespedeza species used in crossing studies 
and chromosome numbers which have been reported 
for them 


hedysarotd (Pall.) Ricker 
(L ystoides Nakai) 
inschanica (Maxim.) Sch 
latissima (Nakai) 

repens (L.) Bart 


tuevei Nutt 


irgata DC 
virginica (L.) Britt 


bico 


florihunda Bee 


mosome counts, pollen mother cells were 
fixed in Carnoy’s 3:1:1 and smeared in 
within two after 

smearing after fixation 


aceto-carmine weeks 
fixation. Early 
generally gave the clearest figures 


Pollinations 

The crossing technique employed ap 
peared quite successful. Selfed progenies 
resulting from omitting emasculation ox 
curred in some of the crosses attempted, 
but they generally could be readily iden 
tified. Verification as to whether the in 
dividuals obtained from the cross-pollina 
tions were of hybrid origin was obtained 


t 


from progeny tests 


TABLE II. Numbers of pollinations and hybrids ob 
tained from cross-pollinations attempted in Lespedeza 


floribunda 


I 
I 
L 
I 
l 
I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
/ 
I 
L 
/ 
I 
I 
I 
/ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 
I 
I 





236 


A total of 2796 cross-pollinations were 
made (Table Il). Seventy-six F; hybrid 
plants were obtained, representing five of 
the 52 combinations of crosses attempted. 
All of the successful crosses were be- 
tween perennial species which had been 
introduced from Asia. Viable hybrids 
were not obtained from crosses between 
annual and perennial species or between 
perennial species introduced from Asia 
and those indigenous to North America. 

In crosses where viable hybrids were 
not obtained, pollinations often resulted 
in stimulation of the ovary and very 
smal] abortive seeds. This was true for 
most combinations between 
annual and perennial species. In the 
cross L. stipulacea * L. cuneata, where 
59 cross-pollinations were made, 13 of 
the ovaries developed sufficiently for the 
pod to be clearly visible beyond the tips 
of the calyx lobes, but aborted about 10 
days after pollination, One pollination 
resulted in a selfed seed, and flower drop 
occurred in the remaining pollinations 
within five days. 


of crosses 


Successful Crosses 

The principal traits differentiating the 
parents of the successful crosses are 
given in Table III. Parents and F, hy- 
brids are shown in Figure 15. Data re- 
lating to the viable F, hybrid and their 
progenies are presented in Table IV. 
The successful crosses were as follows: 

L.. cuneata * L, latissima and L. latis- 
sima  L. cuneata, Cross pollinations 
resulted in a seed set of 48 percent 
Only two of the resulting plants were 
selfed progenies. The F, hybrid was 
more like L. cuneata in growth habit, 
reciprocals appearing identical. The 
crowns of the hybrids were broader and 
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LEAF VENATION PATTERNS 
Figure 16 

A—L. hedysaroides (net veined). B—I 
cuneata (pinnate with some netting). C—F 
hybrid, which tended to be intermediate. This 
trait could be used to differentiate plants in 
the seedling stage 
had a greater number of stems than 
either parent. The hybrids also were 
more vigorous than the more vigorous 
parent, L. cuneata. The F2 was extreme 
ly variable for growth habit. A few F, 
plants were nearly sterile while many 
appeared as fertile as the parents. The 
ease with which the parental species 
could be crossed was indicative of a 
close phylogenetic relationship. Percent 
stainable pollen of the Fy,’s, however, 
and the seed set scores of the F; and F. 
plants (Table IV) showed that they 
were not fully cross-compatible. 

L. cuneata * L. inschanica, The ma 
ture F, hybrid was intermediate in 
vigor, more spreading in growth habit, 
and had finer stems than L. cuneata. The 
F, hybrid was nearly sterile, with less 
than one percent of the flowers setting 
seed, The Fy generation was character- 


TABLE III, Principal traits differentiating parents of interspecific hybrids obtained in Lespedeza 


Species Growth habit Shape 

linear cuneate 

linear oblong 

elliptical 

like L. cumeata 
but shorter 


upright 
upright 
upright 
procumbent 


cuneata 
hedysaroldes 
ins chanica* 
latissima 


*Leaflets also larger than those of other species listed 


Leaf Flowering 
Beginning 
date Flowers 
Venation (approx. ) per raceme 
pinnate, some netting Aug. 10 1-5 
net July 15 4-10 
net July 20 4-10 
pinnate, some netting Sept. 1 1-5 
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ized by low fertility and abnormal in- 
dividuals ; 40 percent of the Fy» individ- 
uals died before reaching maturity. The 
mean score for seed set was 9.3 as com- 
pared to scores of one forthe parental 
species. Leaf venation patterns in this 
cross were of interest (Figure 16). The 
venation of L. cuneata was predominant- 
ly pinnate, L. inschanica was net veined 
and the F, hybrid was intermediate. This 
trait could be used in the seedling stage 
to identify the parents and the F, hy- 
brids. 

is hedysaroides < L. cuneata, Two 
seed lots of L. hedysaroides (P.1. 65,493 
and F.C. 90,750) were used in this cross. 
Plants from the former produced a 
vigorous F,; hybrid with L. cuneata 
which was quite similar in growth habit 
to the F, hybrid L. cuneata * L. in- 
schanica. Likewise, it was low in self- 
fertility. Stainable pollen was 23 percent 
and seed set estimated at less than one 
percent. Leaf venation of L. hedysar- 
oides was similar to the venation of L. 
inschanica. The pattern of the Fy hybrid 
was intermediate as compared to the 
parental species. The F2 generation was 
characterized by many abnormal appear 
ing seedlings and a low seed set score of 
8.6. Many seedlings (34 percent) died 
before reaching maturity. Plants of the 
second source of L. hedysaroides (F.C. 
90,750) upon crossing with L, cuneata 
yielded -abnormal F, hybrids which 
ceased growth and died at about four 
months of age. 

L. hedysaroides % L. inschanica. The 


Fertility, seed set, and vigor scores of 
progenies from interspecific crosses in 
Lespedeza 


TABLE IV. 
F, and F, 


fie 
ay 
"e 
= 
ae 
B 


co 
ww 


FT «= 
Os 


Cc 
LESPEDEZA CHROMOSOMES 
Figure 17 


Camera lucida drawings showing {—Di 
akinesis in L. hedysaroides; B 
in L. cuneata; C—metaphase II plates in / 
latissima. The haploid count for each species 
was 10. (935) 


metaphase | 


F, hybrid, using P.I. 65,493 as the L 
hedysaroides parent, was intermediate 
for leaf shape and flowering character- 
istics. Stainable pollen was 60 percent; 
seed set was good but sowewhat lower 
than either parent species. The ly prog 
eny showed the highest seed set of the 
crosses studied. The data indicated these 
two species to be at least as close phy 
logenetically as L. cuneata and L. latis- 
sima. Plants of the second seed lot of 
LL. hedysaroides (F.C. 90,750), which 
yielded lethal seedlings when 
with LL. cuneata, yielded mature but 
sterile Ff, hybrids with L. inschanica 


( rossed 


Chromosome Numbers 


L. hedysaroides. Ten bivalents 
present at diakinesis (Figure 174). In 
sofar as the writers are aware, counts for 
this species have not been reported pre- 


were 


viously, 

L. cuneata. Ten bivalents were ob- 
served at metaphase I )Figure 17B) 
Cooper’ reported a somatic number of 
18 for this species and Pierce® later re- 
ported nine as the haploid number. 
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L. latissima. Ten chromosomes wese 
observed at metaphase II (Figure 17C) 
which is consistent with a previous di- 
ploid count of 20 by Pierce’®. 


Discussion 


These studies indicated a close phylogenetic 
relationship between L. cuneata and L., latis- 
sima, and between L. inschanica and L. hedy- 
saroides. Wybrids were obtained between the 
last two species and L, cuneata, thus setting 
the four species apart from the others investi- 
gated as an interrelated group with a diploid 
complement of 20. In an unpublished key by 
P. L, Ricker* (letter communication) these 
four species are placed in what he defines as 
the “sericea group.” Pieters et al.7 likewise 
include these species in the “sericea group.” 
The possible existence of an additional form 
of L. cuneata with 2n 18 is indicated by re- 
ports of Cooper! and Pierce.6 

The crosses were fruitful in yielding a wide 
array of morphological types differing in 
growth habit, leaf size, leafiness, coarseness of 
stem, and vigor. Divergent Fy individuals have 
been selected for further testing to determine 
their agricultural value. The F; progenies in 
all crosses generally showed an increase in 
self-fertility over the Fy generation. Sterility 
in later generations is not anticipated at pres 
ent to be a serious barrier to further testing 
and use of this material. 

Cross-pollinations between the annual and 
perennial species were of special interest. It 
was not determined cytologically whether fer- 
tilization occurred in these crosses, and if so, 
whether embryo development was sufficient for 
successful culturing on artificial media. A very 
small proportion of selfs resulting from these 
pollinations, however, was strong evidence that 
fertilization occurred. 


Summary 


Thirteen annual and perennial species of 
Lespedesa were cross-pollinated in 52 of the 
possible combinations, emphasis being placed 
on combinations which involved L. cuneata, 
L, stipulacea, and L. striata, Five partially 
fertile but vigorous F; hybrids were obtained 
follows: L. cuneata & L. latissima, L. 
latissima % L. cuneata, L, cuneata &® L. in- 


as 


*U. S. Department of Agriculture, retired. 
the present study which was listed in Ricker’s 


of Heredity 


schanica, L. hedysaroides % L. cuneata, and 
L. hedysaroides % L. inschanica. The success- 
ful crosses were between perennial species in- 
troduced from Asia. Viable hybrids were not 
obtained from crosses between annual and 
perennial species or between perennial species 
introduced from Asia and those indigenous to 
North America, although stimulation of ovary 
development and small aborted seeds often de- 
veloped. 

Chromosome counts of n 10 were reported 
for L. cuneata, L. hedysaroides and L. latis- 
sima, Phylogenetically, these three species and 
L. inschanica appear to be members of an in- 
terrelated group with 20 the diploid 
number, 

A wide array of morphological types were 
noted in the F, generation, Divergent types 
were selected for further study to determine 
their value as forage plants. 


as 
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ree ” 
sericea group. 


dourica indicate that it is a tetraploid species (Table I). 
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MONOSOMIC ANALYSIS OF STEM RUST 
REACTION AND AWN EXPRESSION 


In Kentana 


HE search for resistance to race 

15B of stem rust, Puccinia gram 

inis tritici (Eriks. an Henn.), has 
assumed great importance since 1950, 
when this race appeared in epiphytotic 
proportions. In 1950, race 15B made up 
27 percent of all uredial isolates at St. 
Paul, Minnesota, 40 percent in 1951, 
and in 1952, 58 percent of the isolates 
were of race 15B, according to Stakman, 
et al.® Prior to 1950, 15B was found al- 
most. entirely on or near barberry bushes 
in the eastern United States. 

Kentana 52 spring wheat, Triticum 
vulgare (Vill.), was developed by selec- 
tion from Kentana 48 by the Oficina de 
Estudios speciales, S. A. G., in Mexico, 
and grown in large acreages under irri- 
gation in Sonora, as well as in central 
parts of Mexico. Kentana 52 was re- 
sistant to race 15B of stem rust, as was 
Kentana 46. 

The investigation reported here was 
undertaken to by 
the chromosome 
Kentana 52 


locate monosomic 
chromo 
52 on which 
to races 15B and 
stem rust were situated. Inheritance of 
awn types was studied in the I; genera 
tion. 


analysis, or 


somes of genes 


for resistance 56 of 


Material and Methods 
2 was crossed with mono 
I through 
XXII) of Chinese wheat obtained from 
Dr. FE. R. Sears, Geneticist, U. S. De 
partment of Agriculture, Columbia, Mis 
sourl, 
were susceptible to both races of stem 


Kentana 5 


somic series (chromosomes 


The Chinese monosomic plants 
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52 Wheat 
WIGGIN* 


rust used, and had very short 
Kentana 52 was resistant to races 
and of rust, and 


awned. 


awnhs. 
1I5B 
56 stem was fully 
Immature heads were collected prior 
from the boot, from hy 
various Chinese monosomic 
Kentana 52 

samples were killed and fixed in Car 
noy’s “A” fixative*. Later, anthers from 
the samples were smeared in aceto-cat 
mine stain and used for microsporocyte 
identification, under 
monosomic disomic plants. 


to 
progeny of 
plants x 


emergence 


crosses, ‘These 


microscope, of 
Plants 
that showed univalents in excess of the 


a 
or 
single one expected of a monosomic 
plant, plants that had isochromosomes, 
and some of the disomic plants were 
discarded. The remaining plants were 
those classified as monosomic for chro 
through VIII and XI 
through XXI, and one or two disomic 
plants for each of the above chromo 


MosomMes | 


somes. 
All F. 

56 and 

order named 


plants were inoculated with 
15B of stem rust, in the 
\fter notes were taken on 
infected leaves were removed, 


races 
race 56, 
and after a week or two, during which 
time the plants were daily sprayed with 
water to wash off remaining spores, the 
A 


syringe was used to inject 


plants were inoculated with race 15B 


hypodermi 
rust spores of race 5B 
so that 
with the 


a suspension oO! 
into the 
in 


leave S 


or 


stems emerging 


were contact suspension 
spores 

\wn classification was made by meas 
Agronomy, Kansas Agr. Exp 
No. 513 
ertation pre 


this 


ontrbution 

Portion di 
Doctor of Philo ophy 
for onducting 


Manhattan 
for the degree 
Ke G Heyne 


ola 
at 
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urements of awn lengths on heads of Fy 
plants. 


Inheritance 
Race 56 


Data concerning the reaction to race 56 of 
stem rust on progeny of monosomic F;, plants 
in the F, generation are given in Table I. A 
good fit to a ratio of three resistant plants to 
one susceptible plant was obtained in the Fs 
generation, with the exception of the progeny 
of monosomic plants of chromosomes XX and 
XXI & Kentana 52. A deviation from the 
expected 3:1 ratio as great as that exhibited 
by progeny from monosomic plant X XI would 
be expected three times out of 100, due to 
chance alone. The ratio of resistant to sus- 
ceptible plants did not fit the 30:1 hypothetical 
ratio, which Sears® suggested could be ex- 
pected from selfed monosomic plants if the 
factor in question were located on the mono- 
some, Sears obtained this hypothetical 30:1 
ratio by assuming that the nullisome gamete 
was transmitted about four percent of the time 
through the pollen, and about 75 percent: of 
the time through the ovule. 

A chi-square test for homogeneity of the 
data in Table I, based on a 3:1 ratio and not 
including data from monosome XX, gave a P 
value of 0.76. This suggested that all progeny 
tested of F; plants segregated in a 3:1 ratio. 
Therefore, Fy, plants of XXI were considered 
to exhibit satisfactory segregation in a ratio 
of three resistant plants to one susceptible 
plant, despite the fact that the P value for a 
3:1 ratio was somewhat below the five percent 
level of significance, 

In contrast, Ff, plants of Fi monosome XX 
did not fit a 3:1 ratio, but approached the 
hypothetical 30:1 ratio. The P value for good- 
ness of fit to a 30:1 ratio with one degree of 
freedom for this segregation was 0.89. The 


TABLE I. Segregation for reaction to race 56 of 
stem rust among F, plants of the cross, monosomic or 
nullisomic Chinese * Kentanna 52 


P value 


(D/F=1) 


102 1 66 
$2 15 64 
110 32 &1 
M4 14 $1 
24 5 35 
55 19 

14 6 

18 7 

46 17 

44 


Number of plants 
Res 


Susc, 


128 
40 
1 43 
36 
$1 16 
4! 48 
13 0.74 
12 0.81 
4 0.001 
6 0.03 
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F, plants from F; disome XX gave a good fit 
to a 3:1 ratio, as did all other F, progeny 
from F; monosomes when calculated as one 
group. Fy, progeny from F; monosome XX 
were not included in this group. It was con- 
cluded that Kentana 52 carried a dominant 
factor pair for resistance to race 56 on chro 
mosome XX. 


Race 15B 


Table II gives the results from tests of race 
15B of stem rust progenies of F; monosomic 
plants. In general the data from the F. gen- 
eration fitted a three resistant to one suscep- 
tible ratio, with the exception of data from 
monosome XX, The segregations for reaction 
to race 15B for monosomes XIV and XVIII, 
although not within the five percent limit arbi- 
trarily set for significance, probably fit a 3:1 
ratio. 

Results from a chi-square test for homo 
geneity among FI, plants segregating for reac 
tion to race 15B (P 0,08) suggested that 
all progeny of I; crosses tested with race 15B 
were segregating in a 3:1 ratio. Again, prog 
eny of monosome XX was not included in this 
test. 

Segregation for resf8tance and susceptibility 
to race 15B of progeny of disome XX fitted a 
3:1 ratio (P = 0.08), and was considered 
satisfactory evidence that, in this case, a single 
dominant factor pair governed the reaction to 
stem rust race 15B. In the monosomic coun- 
terpart, however, the P value for fit to a 3:1 
ratio was less than 0.001, while the P value for 
fit to a 30:1 ratio was 0.47. This would be 
expected if the dominant gene for resistance 
were located on this chromosome. The di- 
somic F; would have had one chromosome XX 
from Kentana 52, carrying the dominant gene, 
and one chromosome XX from Chinese, carry 
ing the recessive allele for susceptibility to 


TABLE II. Segregation for reaction to race 15B of 
stem rust among F, plants of the cross, monosomic 
or nullisomic Chinese Kertana 52 
P value 
(D/F=1) 


Number of plants 
Monosome Res 
I 102 0.47 
II 49 
Ill 108 
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MONOSOME XX 


Figure 18 


Microphotograph showing 


chromosome XX Monosome XX is lying off 


segrega 


This would have 
ree piants resistant to race 15B and 


given a 


race 15B 
tion of tl 


one plant susceptible in the Fy generation, The 
monosomic F, would have had chromosome 
XX only from Kentana 52, and would be 
resistant. Any plant in the Fy, generation from 


an F; plant monosomic for chromosome XX, 
which had a susceptible reaction to race 15B, 


first metaphase of micros 


porocyte from a plant monosomic for 


the metaphase plat 


bination value of 37.6 percent + 1.6 
was calculated from the data of 1044 I 
hus, it appears that the two genes 
rust resistance to races 56 and 15B 
linked different genes 
rust re from the 
rust reaction reported by Ausemu 

Reactions to the 


percent 
plant 

tor 

loosely 


stem 
are 


and may be for stem 


istance five genes tor tem 


et al 
tem rust by 


two races ol 


should be nullisomic; i.e., have no chromosome _ plants from monosome XX were almost iden 
XX present tical, as would be expected if both genes were 
According to the reported results, Kentana on this chromosome. If chromosome XX were 
52 was considered to have a dominant factor present as a monosome, no crossing over 
pair for resistance to race 15B located: on could occur, and linkage would be « mmplete 
chromosome XX Of 106 ly plants of monosome XX tested with 
, both race 101 were resistant and four, pre 
Linkage | 
sumably nullisomic, were susceptible to both 
The monosomic analysis for reaction to races, while one plant was rated as susceptible 
races 56 and 15B indicated that only chromo to race 15B and resistant to race 56. This 
some XX was involved; thus, the factors for plant might have been misclassified with race 
resistance to these two races either were the 15B, as the needle inoculations with this race 
same or they were linked. I, plants were were difficult to read properly, due to in 
obtained which were different in their rea creased development of the rust. The remain 
tion to one race or the other, so linkage of ing plant fitted a 30:1 ratio very closely 
two separate factors was assumed A recom (P 0.79) 
TABLE III. Average lengths of awns in several F, plants of the cross, Chinese Kentana 52 
di, mor none mone mono di mono 
II I! Vill XII XVI xx XX Kent ( 
Awn 
length, ver ve 
mn 4.5 h 4 18.0 18.9 1 short 17.5 7) 
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Awns 

Chinese was very short awned and Kentana 
awned, Classification of awn 
types present in the F; generation indicated 
that chromosome VIII, XII, and XVI had 
factors for awn expression, as the awns on 
F,; monosomic plants of these chromosomes 
were appreciably longer than those of the re- 
spective disomic plants. Monosomic plants of 
chromosomes II and XX showed slightly less 
dwn development than did the disomic coun- 
terparts. Table III shows the average lengths 
of awns in some disomic and monosomic F; 
plants 

The diminished awns of monosomes II and 
XX compared with those of disomes II and 
XX indicated that the gene on each chromo- 
some was less effective in a single dose. These 
two genes appeared to be the awn promoting 
genes described by Sears®, and termed a; and 
dy by Heyne and Livers?. 

The F; monosome VIII was almost fully 
awned, which indicated that Kentana 52 car 
ried the recessive allele of Hd, the awn sup- 
pressor gene reported by Sears® to be present 


52 was fully 


in Chinese 

F, plants of monosomes XII and XVI had 
somewhat greater awn development than did 
the disomes, and were considered to carry a 
recessive gene each of the two chromo 
somes, These genes may correspond to the 
genes, ds and ay, respectively, as reported by 
Heyne and Livers?, 


on 


Meiotic Phenomena 

Occasionally, extra univalents were noted, 
usually in monosomic F, plants of chromo- 
some III, These were probably due to par- 
tial asynapsis caused by the monosomic or 
nullisomic condition of chromosome III, 

No evidence of translocations or other 
chromosome configurations varying from nor- 


(Received Dee 
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mal behavior was found, indicating that Chi 
nese and Kentana 52 have homologous 
chromosomes, 


Summary 


Monosomic analysis of Kentana 52 spring 
wheat indicated that this variety carries two 
dominant genes for resistance to races 56 and 
15B of stem rust. One gene conditions re- 
sistance to race 56 and the other conditions 
resistance to race 15B. These genes were 
located on chromosome XX _ and _ loosely 
linked, with a recombination value of 37.6 + 
4.6 percent. 

Genes for awn development in Kentana 52 
were located on chromosome IJ, VIII, XII, 
XVI, and XX, and corresponded to genes a, 
hd, as, as, and dz previously reported. 

Kentana and Chinese had homologous 
chromosomes. 


52 
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CURL, A MUTANT TERATISM OF 
THE TOMATO 


You NG* 


F. ie 


NE Stokesdale tomato plant Wi 
the 1953 fall crop showed two 
normal branches, one branch 
that was normal except for two curled 
lower leaves, and one branch with all of 
the leaves curled (Figure 19.4). This 
branch bore two fruits, the seeds from 
which produced 44 plants (80 percent) 
like the mutant branch and 11 normal 
like the normal 


plants (20 percent ) 
his indicated 


branches of Stokesdale. 
an incomplete mutation that affected only 
part of the seeds in the F; generation of 
the mutation. The curl selection was 
labeled 1666 
K. generation of all curl plants that grew 
very slowly with much evidence of weak 
The seedlings had 


Its seeds produced an 


vigor and dwarfing. 
nearly all normal cotyledons but all of 
the true leaves were prominently curled 
Long branches usually did not grow 
from the compact rosette-bunches of 
leaves and side branches until late in the 
growing season. The leaflets were ex 
tremely wrinkled and downward curled 
The terminal leaflets were only one-half 
to one inch in length and had round or 
pointed ends. Lateral leaflets were very 
small and were found by dissection. The 
leaflets were sessile or had very short 
petioles, and did not show serrate mar 
gins like normal Stokesdale leaves. 
The F, plants of G1666 were used as 
male parents in crosses with Rutgers 
and Marglobe tomatoes. Eight of these 
crosses segregated in their I; genera 
tion, producing 172 curl plants (76.4 
percent ) ( Figure 19B) and 53 normal 
plants (23.6 percent). This is nearly a 
3:1 segregation resembling the F, segre 
gation of the mutant parent. Two of the 
produced only curl plants but 
egregated, indi 


cTOSSes 
the other six crosses 
cating that one or more of the G1666 
parent plants were heterozygous. 





CURL TOMATO PLANTS 
Figure 19 


l—Two pieces of the original mutant 
branch of the Stokesdale tomato plant show 


ing the extremely dwarfed curled leaflets in 


rosette-bunche at the node / Iwo curl 
segregate tomato plants from a cross of Mart 
globe & G1666 curl. They finally grew six 
feet tall 


The fruits on the curl segregates were 
inches in 
Iruits 


globe shaped and 1 to 1% 
diameter While green, the 
showed numerous dim light green me 
ridian stripes or short dashes in the 
peel. When they ripened, the red peel 
showed yellowish to orange meridian 
Ines and dashes 

Five of the normal Fy, segregates from 
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the five crosses produced 1721 normal 
plants but no curl plants, indicating that 
they were homozygous, 

Thirteen Fy segregates from the same 
five crosses produced 346 curl plants 
(74.4 percent) and 119 normal plants 
(25.6 percent), which is practically a 3:1 
segregation. No case of intermediate 
segregation was found, This indicates 
that the curl allele is a simple dominant, 
so the gene symbol, Cu, is suggested for 
it.F 

Most of the curl segregates grew slow- 
ly and produced fruits 30 to 60 days 
later than the normal segregates. Many 
of the flowers seemed sterile and some 
plants remained fruitless. Seed of G1666 
was sent to Dr. C. M. Rick of the Uni- 
versity of California for linkage study. 


ee 
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Summary 
A bud mutation on a Stokesdale 
plant produced a branch. with wrinkled, curled, 
one-half 


tomato 


dwarfed, nearly sessile leaflets only 
to one inch in length. They formed dense 
compact rosettes with side branches that usu 
ally did not grow longer than one-half inch 
until late in the growing The curl 
seedlings had normal cotyledons but soon were 
recognizable by their curled true leaves. Curl 
plants were crossed with Rutgers and Mar 
globe tomatoes, producing an F; generation 
that segregated with nearly a 3:1 ratio with 
curl appearing dominant. The curl segregates 
produced an I, generation that segregated with 
a 3:1 ratio with 74.4 percent curl plants and 
25.6 percent normal plants. The gene symbol, 
Cu, is proposed for the curl character. The 
fruits on the curl plants showed dim yellowish 
meridian stripes in the peel. Curl tomato 
plants may have ornamental value. Cu may be 
a linkage marker. 


season. 


+Young, P. A. Curl, a new teratism of tomato. Tomato Genetics Coop. 5: 32 (abstract). 
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A HOMOGENEOUS TETRAPLOID SHOOT FROM A 
2-2-4 TYPE CHIMERAL WINESAP APPLE 


Haic DERMEN* 


L URING February and March, 1955, 60 

one-year-old trees propagated from a 
2-2-4 cytochimeral Winesap apple tree were 
disbudded to induce development of pure tet- 
raploid shoots by the method described pre- 
viously!,2, On August 1 a bud was found 
emerging at a callused bud scar on one of the 
trees. By August 11 the bud in question had 
grown into a shoot about two inches long, at 
the base of which some leaves had matured 
enough to be used for stomatal measurement. 
Stomates of these leaves measured definitely 
larger than those of the leaves of diploid 
plants. On August 18 a lateral bud from the 
shoot was prepared by the smear method and 
examined cytologically. All tissues were 4x. 

This is the fifth variety made into a com- 
plete tetraploid by the disbudding method, and 
the first complete tetraploid obtained from a 
2-2-4 type cytochimeral plant. The other four 
were from 2-4-4 type chimeral McIntosh,? De- 


*Cytologist, U. S. 


Department of Agriculture, 


licious, Ontario, and Wrixparent.2 A 
tetraploid form of Winesap has long been de- 
sired mainly for breeding purposes, because 
breeders hope to obtain high-quality triploid 
varieties similar to the Stayman, considered 
to be a seedling of Winesap. 

Four buds of this 44 Winesap have already 
been successfully set in suitable stocks. Propa 
gating material should be available to breed 
ers wishing it in the summer of 1956 


pure 
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STUDY OF CELL DIVISION BY 
PHASE MICROSCC rY 


SajiRO MAKINO AND HirosHr1 NAKAHARA* 


HASE contrast has 
helped to a great extent in studying 
the dynamic cellular phenomena in 

the living condition in both the observa- 

tional and experimental fields of cytol- 
ogy. The examination cell division 
with the aid of the phase contrast micro 
scope leads one to consider the process 
of division as a whole, to note all visible 
events, to time the duration, and to dis- 
cuss the mechanism involved. Further, 
the study of living chromosomes is of 
fundamental importance in the under 
standing of the effects of fixation and 
staining upon their morphology. Recent 


Mmucroscopy 


of 


ly Cleveland and Winchester? illustrated 
living chromosomes of the grasshopper 
and some other media by photomicro 
graphs taken by phase contrast micro- 
scopy. Each phase was a photograph of 


a different cell and did not show the suc 
cessive series of a chromosome cycle fol 
lowed through a single cell. Unfortun 
ately, it seems to the present authors’ 
that most cells in those photographs were 
not kept in a strictly living condition 
during the photographic preparation and 
therefore the chromosomes appear to be 
in a far from healthy state 

The present paper deals with the proc 
ess of division in living cells as a whole, 
with photographic illustrations of suc 
cessive stages followed through the same 
cells by phase contrast microscopy. The 
detailed quantitative description of the 
process will be made in other papers. A 
new hanging-drop method devised by 
Makino and Nakahara? was adopted 
As the material for this study, germ-cells 
of the common grasshopper (Podisma 
saporense) and tumor cells derived from 
the ascites sarcoma of rats were chosen, 
since characteristically they are exceed 
ingly favorable for research, such as it 


the present study. 
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The new technique involves a hang 
ing-drop method in combination with the 
application of liquid paraffin. The pro- 
cedure is as follows. 

The depression of the slide is filled 
with liquid paraffin so that the level of 
paraffin is slightly higher than the sur 
face of the slide (Figure 204). A small 
number of grasshopper germ-cells are 
removed from the testicular follicles by 
cutting with a sharp knife. They are 
mounted with a small amount of body 
Huid on a clean cover-slip; or a 
amount of ascites fluid containing tumor 


small 


- cells derived from the peritoneal cavity 


of the tumor bearing rat by inserting a 
glass pipette, and are dropped on a 
cover-slip without applying any medium 
(Figure 20B). Then the cover slip is 
inverted over a depression slide as shown 
in Figure 20C. Slight pressure is applied 
to the cover-slip (Figure 1D). The ex 
cess of liquid paraffin is removed with 
blotting paper. The slide thus prepared 
is ‘ready for observation by phase con 
trast microscopy. For the grasshopper 
material, a satisfactory result 
obtained by the following method 
cover slip on which germ cells 
mounted with body fluid was inverted 
ovet a depression-slide with no liquid 


also 
The 


were 


Was 


paraffin, and the edge of the cover slip 
was sealed with liquid paraffin. If nee 
essary, the microscope may be set in 
chamber equipped with an electric 
warmer to keep the temperature constant 
during ol For operation and 
preparation, the use of sterilized media 
is required. An Olympus phase contrast 
cope was used exclusively for the 
observations. The optics used are a 
dark-medium contrast 90 * obj. for the 
grasshopper material, and a bright-me 
lium contrast 90 ¥ obj. for the 
material, in conjunction with a periplan 
Contribution No, 325 from 
Aided by a grant from the 


servation 


micro 


tumor 


Sapporo, Japan 


Scientific Research Fund of the Ministry of Education 
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Tumor ascites 
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DETAILS OF THE HANGING-DROP 
METHOD 


Figure 20 


The procedure followed to make a hanging- 
drop preparation is illustrated. For details, 


see text, 


10 ocular. The mitotic figures were re- 
corded in serial photographs taken at 
adequate intervals with the aid of a Leitz 
Mikas camera. In addition, a_ series 
of motion pictures (16mm) was taken 
in order to note all visible events of the 
mitotic process, and to time its duration. 


Observations 

Division of the spermatogonia. The mitotic 
division of the spermatogonial cells was fol- 
lowed successively in the same cells, beginning 
with prophase and ending with telophase, at 
room temperature, 20-21° C. Eight sperma- 
togonial cells which are regarded as descend- 
ants from a single primordial spermatogonium 
underwent a synchronous division forming a 
group, as shown in Figure 21 A-/. Figure 21 
A and B indicate two successive stages of pro 
phase. The chromosomes make their appear- 
ance in the form of long thin threads within 
each nucleus. With time, they condense and 
shorten. Prophase seems to be a slow process, 
and takes from 280 to 300 minutes, so far as 
the present observations go. The nuclear 
membrane solvates at about the time that 
the development of the chromosomes has 
been fully completed in their final form. 
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The free chromosomes are then pulled to 
ward and into the equatorial plate. Figure 
21C shows metaphase cells, the chromosomes 
are evenly distributed on the equatorial plate 
in each case. The spindle body remains as a 
clear homogenous body being free of cyto- 
plasmic granules, The spindle fibers are in- 
visible. During metaphase, individual chromo- 
somes show a remarkable oscillation. Meta- 
phase duration was observed to be about 185 
minutes in the present study. At anaphase each 
chromosome divides, and the daughter chrom 
osomes migrate to opposite poles as though 
pulled by fibers, with projecting chromosome 
ends directed toward the pole. After the 
chromosomes reach the poles, the cell body at 
telophase elongates, and then the formation of 
the cleavage furrow follows. During this 
stage, the daughter chromosomes swell at each 
pole, and the nuclear membrane appears sur- 
rounding them. Figure 21 D-/ illustrates the 
successive stage from anaphase to telophase. 
The separation of chromosomes and the forma- 
tion of the cleavage furrow take place quite 
synchronously in all cells. In Figure 21 G and 
H, division of the cell body is indicated, and 
shows the reconstruction of the daughter 
nuclei in the two daughter cells. As swelling 
of the chromosomes continues, visible traces of 
the chromosomes disappear from view in each 
nucleus. Then the cells enter interphase. Ana 
phase is of short duration, taking about 20 
minutes in this material. Telophase duration 
is difficult to measure; it may take 180 minutes 
or more, 

The duration necessary for the whole divi- 
sion cycle ranging from prophase to the end of 
telophase was in the neighborhood of 700 min 
utes at 20-21°C, so far as the scope of the 
present observations is concerned. 

First and second metotic divisions. The 
course of the two meiotic divisions was traced 
successively in a single spermatocyte beginning 
with metaphase of the first division and end 
ing with telophase of the second division at a 
temperature of 20 to 21°C. The successive 
stages were recorded in serial photomicro 
graphs taken at adequate intervals, some of 
which are reproduced in Figure 22 4-Y. 

Figure 22 A indicates the first metaphase 
spindle of a primary spermatocyte whose mei 
otic course is to be successively traced down 
ward through the second division. The cell 
shows bivalent chromosomes (n = 12) lying on 
the equatorial plate. Individual chromosomes 
exhibit their well-defined quadripartite struc 
ture composed of four chromatids in each. The 
chromosomes are not adherent to one another, 
and individual ones are freely movable. Dur- 
ing metaphase, individual chromosomes oscil 
late as though pulled slightly toward one pole 
and then toward the other. The spindle body 
is clearly differentiated from the surrounding 
granular cytoplasm as a homogenous body, 
being free of inclusion granules. It is mov- 
able as a whole. The spindle fibers are gener- 
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CELLS 
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ally invisible. There large number of 
mitochondria in the cytoplasm at this stage; 
they are broken and thread-like in appearance; 
and distributed in irregular fashion throughout 
the cytoplasm (for detail on the behavior of 
the mitochondria, see Nakahara*), The meta 
phase stage 1s of rather long duration in the 
first spermatocyte. Though not precisely meas 
ured, it take from 300 to 400 minutes 
With the onset of chromosome separation at 
anaphase, the mitochondria take definite orien 
tation and lie with their long axes nearly par 
allel to the spindle axis (Figure 22 B and C) 
They seem to adhere to the outer surface 
the spindle body, and are collected into a few 
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DIVISION OF A PRIMARY SPERMATOCYTE 
Figure 22 


A-y 


successive stages of anaphase |; H/-/ 
L—completion of the first division; M-O 
QO and R—end of second prophase II; § 
telophase SO 4 


ter chromosomes (Figure 22 H and /). At 
each pole, the daughter chromosomes swell, 
and the nuclear membrane appears and con- 
fines them. As swelling continues, all visible 
traces of the chromosomes disappear from 


Shows the successive stages of the meiotic 
Podisma sapporense, followed from metaphase I to telophase II. A 
telophase I and the formation of cleavage furrow. K and 
interphases. P 
metaphase II; 7-V 
completion of the second division. (480) 


divisions in a primary spermatocyte of 


Metaphase I; B-G 


prophase of the second division 
anaphase II; W and X 


view in the reconstructing telophase nuclei 
The nucleus soon has a granular appearance 
similar to the prophase one. The completion of 
the telophase nuclei is followed by the appear 
ance of the cleavage furrow in the middle part 
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DIVISION OF A TUMOR CELL 
Figure 23 


Shows the successive series of a division process followed through a single tumor 
cell of the MTK-sarcoma | 1—-Interphase; /—early ophas (—late prophase; D-/ 
metaphases; G—early anaphase; // and /—anaphase telophases ; /—completion 
of cell division. (1200) 


f the cell-body (Figure 22 / and J). It should The secondary spermatocyte thus pro 


be noted that the formation of the cleavage duced, now enter interpha € Interphase 
furrow always takes place across the middle — tinues for 180 minutes or slightly longer. At 
part of the mitochondrial bundles bridging interphase, the mitochondria come together ir 
the daughter nuclei, The furrow becomes nar to a mass and lie outside the nucleus at a 
rower with time, leading to the complete con corresponding position in each cell (Fig 22 
striction of the cell-body into two daughter NV and 0). During interphase the 

cells (Figure 22 K and L). After the cell di dria persist in this condition 

vision has been completed, the two separated Interphase is followed by pro 

daughter cells remain connected by the mito econd division. At the onset of 

chondrial bridge for a considerable length of mitochondria scatter in rather 

time (Figure 22M). Telophase duration ob manner around the nuclear vesicle 
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QUADRIPOLAR MITOSIS IN A TUMOR CELL 
Figure 24 


A-H 
MTK-sarcoma I. A 


telophase; G 


of the two large cells following the fusion of each two cells 


ening of the chromosomes proceeds very rap 
idly during prophase. Within a short time the 
nuclear membrane becomes irregular and then 
disappears (Figure 22 O and Kk). The area 
around the chromosomes remains distinct and 
stays free of the mitochondria. This granule 
free area becomes more and more coarsely 
striated, reflecting probably the formation of 
the spindle. The chromosomes, now being 
free in the cytoplasm, move as if pulled into 
the equatorial area of-the spindle body. In 
the meanwhile, the chromosomes have com- 
pleted their arrangement on the equatorial 
plate (Figure 22S). The achromatic figure is 
inconspicuous at this stage. Prophase dura- 
tion has been observed to take about 180 
minutes. 

The metaphase chromosomes remain with 
no observed change for a considerable length 
of time. The spindle body is seen as a clear 
body, free of cytoplasmic granules. It is free- 
ly movable as a whole. The snindle fibers are 
generally invisible. The mitochondria lie ad 
hering to the outer surface of the spindle 
body in longitudinal alignment, in a manner 
similar to that observed in the first division. 
During metaphase, individual chromosomes 
gently oscillate. Metaphase duration in this 
division is 200 minutes or more. 

The separation of chromosomes in anaphase 
generally takes place synchronously in all chro- 
mosomes (Figure 22 T-V’). The chromosomes 


Shows the successive stages of a quadripolar mitosis in a single tumor cell of the 
Late metaphase; B and 
the divided cells come together by two’s following the division, // 


quadripolar division at 
Formation 


C—anaphases; D-/ 
(1200) 


migrate as though pulled by the fibers to eacly 
pole. After the daughter chromosomes have 
reached the poles, the mitochondria forms 
bridges in a few bundles stretching betwee: 
the two daughter chromosome groups (Figuré 
33 W and X). The completion of the telo 
phase nuclear vesicles.is followed by the ap 
pearance of the cleavage furrow in the mid 
dle part of the cell body. As occurred in the 
first division, the cleavage furrow is always 
formed across the middle part of the mito 
chondrial bundles (Figure 22X). The cleavage 
continues to lead to the complete constriction 
of the cell body into two daughter cells (Fig 
ure 22) ). Following the completion of cell 
division, the mitochondria come together into 
the formation of a compact mass, the ‘Neben 
kern.’ The duration was measured as about 
20 minutes for anaphase, and 180 minutes or 
more for telophase. 

Mitosts in the tumor-stem 
eral, the tumor cell contains at interphase 
a number of granular inclusions which 
are highly different in size, nature and dis 
tribution within cytoplasm (Figure 23/4) 
They show a remarkable Brownian movement 
in the living cell. .There are often temporary 
changes of cellular form; such changes are 
particularly marked when the cells are ex 
posed to unfavorable conditions. The nucleus 
is oval or kidney-shaped, or sometimes of 
bilobed appearance. Conspicuous small bodies 


cells. In gen 
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Heritability of Body Weight in the Chinchilla 


James F. Kipwetv* 


LTHOUGH chinchilla production 
has been victimized by wide 
spread exploitation, it is becom 

ing established as a small, but integral 
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chinchilla improvement. The develop- 
ment of efficient breeding plans requires 
an estimate of certain genetic parameters. 
The heritability of traits of economic 
importance is among the significant 
parameters. This paper presents esti- 
mates of heritability body weight in the 
chinchilla. 

The animals used in this investigation 
were of the species Chinchilla lanigera. 
A total of 43 females and 36 males from 
four herds in Nevada and two in Cali- 
fornia were involved, In view of the 
widespread exchange of breeding stock 
it is felt that this small sample is reason- 
ably representative of the population in 
Western Nevada. Weights were taken 
to the nearest gram on all animals that 
were at least 14 months of age, except 
females pregnant 30 days or longer. 
Some of the herds had recently been 
culled for fur quality. However, body 
weight or size was given little or no 
consideration. Thus it seems reasonable 
to consider this sample representative of 
an unselected population, 

Heritability was estimated by the 
method of parent-offspring correlation 
and regression and regression of off- 
spring on mid-parent as described by 
Lush.! 

Heritability Estimates 


TABLE I, 


Method Estimate 
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The mean weight of the males was 
476.6 + 9.3 gms. and of females 548.7 
+ 9.3 gms. The coefficient of variation 
for males was 0.12, and for females 0.11. 
The difference, 72.1 gms. was significant 
at the one percent level, with five per- 
cent fiducial limits of 45.7 to 98.5 gm. 
The heritability estimates are presented 
in Table 1. Weights were adjusted for 
sex differences before calculating the re- 
gression of offspring on mid-parent ; un- 
adjusted weights were used in calculat- 
ing the remaining estimates. 

The regression of offspring on parent 
provides a more accurate estimate than 
the correlation bewteen parent and off- 
spring if the parents are a_ selected 
group. These data do not include selected 
parents. The heritability estimates are 
quite similar for both sexes and both 
methods. The regression of offspring 
on mid-parent provides the most reliable 
estimate. The discrepancy between this 
estimate and the others may be due to 
the adjustment for sex differences. 
These estimates indicate that mass selec- 
tion would be effective in increasing 
body weight. 


Summary 
Estimates of heritability of body weight in 
the chinchilla are presented. The estimates 
indicate that mass selection would be effective 
in changing body weight. 
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